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Abstract 
 
Background 
Nutrition transition refers to changes in diets and physical activity patterns as countries undergo 
economic growth, urbanisation with increased reliance on the global food supply. It is associated 
with a rapid increase in obesity and diet-related non-communicable diseases (NCDs). Although 
NCDs are increasing worldwide, the rise in low- and middle-income countries (LMICs) has become 
more rapid, with greater implications because of the double burden of diseases with the concurrent 
burden of infectious diseases. In high income or developed countries this phenomenon is well 
established. Unfortunately, information from LIMCs are more limited and are intertwined with food 
insecurity issues. In Papua New Guinea (PNG) studies that explore such important issues are scarce 
especially at this crucial period when the country is experiencing rapid transformation due to 
economic development. This research explores the nutrition transition in PNG by investigating 
dietary and physical activity patterns to provide an insight into characteristics of changes and their 
effects on health outcomes.  
Processes and Methods of Data Collection 
There are two main components to this research. The first is development and validation of 
data collection methods and confirmation of survey processes. The second component is a 
population survey of adults that explored the diets, physical activity (PA) and food insecurity across 
sites selected to provide a sample of populations (Highland and Coastal, rural and peri-urban) 
affected to a varying extent by major projects and economic development.  
The first component was undertaken in four study sites (Asaro, Karkar, Hides/Komo and 
Hiri) to document dietary patterns and practices, and develop the dietary data collection methods 
and interview aids. This included participatory and in-depth interviews to establish a rich base of 
qualitative dietary data on diet. The 24-hour recall method was trialled for quantitative dietary data 
collection and protocols developed. This component also included a tracing study of adult 
participants in the Asaro and Hiri sites was undertaken to establish common activities to construct 
the PNG-Physical Activity Questionnaire (PNG-PAQ). This was validated in a separate sample 
against an accelerometer. The food insecurity questions were based on the eight-statement food 
insecurity measure for Maori and Pacific Islanders in New Zealand and tested across the four sites.  
The second component was undertaken in a representative sample of adults from Asaro, 
Karkar, and Hiri. The 24-hour recall method, PNG-PAQ and food insecurity questions were asked 
through interview. Demographic and socio-economic data were available through the routine 
demographic surveillance undertaken for these sites.  
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Results 
The qualitative diet study showed that rural populations continue traditional diets that consist 
largely of garden foods, while contribution of store-bought foods was higher in the peri-urban site. 
In the rural Asaro and peri-urban Hiri, inclusion of vegetable oil was common and among Hiri 
participants snacking of store-bought foods was becoming common. The 24-hour recall method was 
shown to be an appropriate method with survey aids created for use in the study, which enabled 
observations of diet variation across populations incorporated in the study. 
The PA tracing study resulted in 44 activity classifications which were categorised under 
five domains (cash earning/schooling, subsistence farming/cash cropping, home chores, transport, 
and leisure) to develop the 26-question PNG-PAQ. The validation study showed an acceptable level 
of validity in measuring moderate to vigorous PA (MVPA) while the soundness of measuring 
sedentary activities was weaker.  
Intakes of total energy, protein, fat, carbohydrate, iron and vitamin A were assessed to 
reflect diet quality. All sites reported inadequate nutrient intakes, apart from iron, in comparison 
with Estimated Average Requirements. This was consistent with the low levels of obesity observed.  
Physical activity results showed a subsistence-oriented pattern in the rural sites, with 
addition of household chores associated with permanent housing and introduction of cash cropping 
activities. In the peri-urban population paid employment was included along with subsistence 
activities. Across the sites some modern labour-saving tools have been incorporated, particularly 
with the use of powered boats and vehicles to travel long distances, though these are more common 
in the peri-urban population.  
Analyses showed site differences in diet and PA that were not explained by wealth and 
education, key indicators of socio-economic development. Food insecurity is a reality at the 
household level, with the main risks related to failure in the gardens shifting towards income-based 
food insecurity in households more dependent on store-bought foods.  
Conclusion 
The nutrition transition appears to be in early stages in much of PNG with gradual change in rural 
areas, but more evident in peri-urban and urban areas. The changes vary across sites and overall the 
rate of changes is slower compared to patterns reported in the neighbouring Pacific Island Countries 
and Territories. Understanding these patterns of change assists with development of appropriate and 
effective prevention measures for both NCDs and infectious diseases. 
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CHAPTER 1 Introduction 
 
1.1 Brief Background and Context of the PhD Research Work 
A growing body of literature from both developed and developing countries links nutrition 
transition to major risk factors of diet-related non-communicable diseases (NCDs) as well as 
infectious diseases [1-4]. Nutrition transition is the focus of this thesis. Popkin explains the 
theory of nutrition transition as a series of major changes in the nutritional profiles and 
physical activity (PA) patterns of populations [5-7]. Studies continue to demonstrate that the 
details of the nutrition transition vary across populations and point out that situations 
associated with adverse health in low- and middle-income countries (LMICs) are far worse 
than those in higher-income countries [3, 8, 9].  Consequences reported in these countries 
include rapid shifts towards adverse diets and PA, which are associated with economic and 
social development [2, 10-12]. Along with the effects of the nutrition transition, low-income 
countries face changes in food insecurity issues which are related to poor diets as 
urbanisation, globalisation and climate changedisrupt food systems. Hence, low-income 
countries should  place greater emphasis on addressing these manifestations. Furthermore, 
there is limited documentation about the joint effects of nutrition transition and food 
insecurity.  
 A major challenge in understanding the nutrition transition and food insecurity 
situation in low-income countries is the considerable variation in nutrition transition and food 
insecurity characteristics across countries associated with the unique experiences of 
populations and sub-groups [4, 13-15]. In fact, the use of comparable information from other 
countries may not be suitable because of differences in major determinants of changes (such 
as lifeststyle, environment, culture and level of economic development), calling for country-
specific information to provide better insights into these significant changes.  
 In Papua New Guinea (PNG), the nutrition transition is characterised by a change in 
the traditional diet, which is rich in plant-based carbohydrates, to include aspects of modern 
diets, such as imported processed foods. Traditional societies that have relied heavily on 
subsistence activities such as hunting and gardening are now employing modern work 
methods and behaviours that require less PA (e.g., the use of motor vehicles instead of 
walking). This research provides a basis for establishing measures to assess major 
components of the nutrition transition (i.e., dietary and PA patterns and practices) and 
defining the characteristics of the changes in PNG. It also explores food insecurity in relation 
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to the nutrition transition (an important issue in PNG), and provides further understanding of 
the impact of nutrition transition in the PNG context.  
This research was part of a larger study of NCDs and risk factors among adults in 
PNG (PNG-NCDs Study) conducted by the PNG Institute of Medical Research (PNGIMR) as 
part of the Partnership in Health Project (PiHP). Another component of this broader project 
was the integrated health and demographic surveillance sites (iHDSS), which included the 
study sites for this research. The iHDSS sites will be described further below.  
I was employed by the PNGIMR and had the overall responsibility of coordinating 
the nutrition component of the PNG-NCDs study.  The study was designed with advice from 
an international scientific board which was formed to over see the PNG-NCD study. This 
board included expertise on nutrition, NCDs and physical activity from the University of 
Queensland, University of (New Zealand) and University Tokyo respectively. Associate 
Professor Geoffrey Marks was a member of the board responsible for developing the 
nutrition component in collaboration with the research team at the PNGIMR of which I was a 
team leader.  My main tasks involved research design, which was undertaken with advice 
from the board, and development of research protocols under the guidance of Associate 
Professor Marks. I also trained and supervised the teams responsible for data collection. All 
subsequent elements of the nutrition component processing and analysis were undertaken in 
Brisbane during my PhD studies.  
The research comprised of the preparation phase, which included Parts 1 and 2, and a 
population-based study for Part 3. These components were completed over a period of four 
years (2010–2014). Part 1 involved four sites (Figure 1): Hiri, Asaro, Karkar, and 
Hides/Komo. The Part 2 involved two sites (Hiri and Asaro). In Part 3 three sites (Hiri, 
Asaro, and Karkar) were included in the survey. Hiri and Karkar are located in the coastal 
regions of PNG, and Asaro and Hides/Komo are in the Highlands region.  
The study sites were selected to provide a selection of populations (highland and 
coastal) affected to varying extents by major projects and economic development. The 
selection changed slightly over time in response to logistical and funding challenges. The 
outcome is some shift in the populations was covered by each part, though with major 
overlap.  In providing background we focus mostly on Hiri, Asaro, and Karkar since these are 
the most important for the research due differences in level of economic exposure, culture 
and environmental settings. 
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Figure 1.  Sketch of map of PNG showing locations of study sites 
 
 
 
Asaro has a population of 10,034 and is located 40 km from Goroka, the Eastern 
Highlands provincial capital [16, 17]. The populace lives in semi-permanent traditional 
houses that are clustered together into villages. The people in the Asaro are mostly 
subsistence farmers but also produce cash crops such as coffee and vegetables, while some 
are employed on the local coffee plantations. The Karkar Island site is situated 30km off 
Madang on the northern coast, and has a population of about 20,000 [17, 18]. The people of 
Karkar Island are subsistence farmers but also produce cash crops such as cocoa and copra. 
They live in semi-permanent traditional houses in clustered villages[17, 18]. People take one 
hour thirty minutes boat ride with outboard-motor to access the main township in Madang.   
West Hiri is comprised of the villages of Porebada, Boera, Papa, and Lealea in the 
Hiri District, with a total baseline population of 11,531 [17, 18]. These villages are scattered 
along 20–30 km of coastline, approximately 20 km north-west of the national capital, Port 
Moresby. The raditional farming skills and subsistence lifestyle are now less prevalent as a 
result of the growing urban lifestyle, with most of the adult population (15–64 years) working 
in the city and  with the PNG liquefied natural gas (PNG LNG) project [18]. The PNG-LNG 
project is located within the West Hiri site. 
The outline of the research project is illustrated in Figure 2 and shows the components 
that are directly related to this PhD research study. Part 1 of the research strategy involved 
extensive field research to collect information on dietary patterns, practices, and 
development, verification, and the trial of the 24-hour recall dietary data collection method. 
Part 2 was concerned with development of the PNG Physical Activity Questionnaire (PNG-
PAQ) for PA data collection. Parts 1 and 2 of the research work addressed the objectives in 
Port Moresby 
Karkar 
Asaro 
Goroka 
Madang 
Australia 
Bougainville 
Hiri 
Hides/Komo 
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research question 1 of this PhD research. Part 3 is the population-based survey where cross-
sectional data were collected using the 24-hour recall, a week’s PA accounts using the PNG-
PAQ, and food insecurity information. This part of the research addressed the objectives in 
research questions 2 and 3.  
 
Figure 2. Components of the PhD Research Work. 
 
 
 
 
1.2 PhD Aim, Research Questions, Objectives, and the Research Conceptual 
Study Framework 
 
PNG is currently showing some effects of nutrition transition. However, there is a 
lack of essential data to assess the effects of economic changes as the country undergoes 
major economic growth driven by multimillion-dollar projects in the gas, mining, and logging 
Partnership in Health (PiH) Project -PNGIMR 
PART 1 
Qualitative background research 
work: Development of dietary 
and food insecurity survey tools 
and processes  
Development of PNG-PAQ 
PART 2 
  
Testing of survey tools and 
preliminary 24hr recall dietary 
survey 
Research Preparation Stage 
Testing of survey tools and 
preliminary 24hr recall dietary 
survey 
Survey Stage 
PART 3: PNG-NCDs Study  
(My role was design for diet and PA component) 
1. Confirmation of research process protocols 
2. Development of other components of NCD Study questionnaire 
3. Data collect: NCD Study Questionnaire (PNG-PAQ, Food Insecurity 
questions) and four step 24-hour recall  
Data processing and analysis Stage 
1. Dietary data: Development of Food Documentation of all foods 
included in the survey 
2. Socioeconomic (SES): Principle Component Analysis -Wealth 
Quantiles  (Household data from larger PiH project 
3. Update metrics for PA 
4. Final analysis for main results of the PhD   
PhD Candidate Role  
  
With the supervision of 
Research Board my 
responsibilities are as follows; 
  
 
- Designed questionnaire and 
dietary survey aids 
- Study to developed PNG-
PAQ  
- Field supervision of 4 
officers during data 
collection 
  
 
 
 
 
- Study design of the PNG-
NCDs Study and 
development of the 
questionnaire  
- Supervision of data 
collection across 3 sites 
over 3 years 
  
  
 
- Development of the food 
documentation for all foods 
from the 24-hr recall 
- Analysis of the final data 
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industries. There is a need for dietary and PA information, the major components of nutrition 
transition to evaluate and monitor the types of changes occurring and to assess potential 
adverse outcomes effectively. Likewise, food insecurity information is limited and subject to 
misinterpretation because of PNG specific issues which may affect diet quality more than 
food shortage.  It is a critical time in PNG to investigate the effects of economic 
developments that also contribute to the expansion of urbanisation and modernisation, 
creating conditions that increase the risks and consequences of nutrition transition and food 
insecurity.  
 This research aims to examine the extent of the nutrition transition and measure food 
insecurity across selected populations of PNG, which include areas exposed to the 
multimillion-dollar project, PNG-LNG, and consider the evidence for potential health 
outcomes related to NCDs and malnutrition.  
 To achieve the research aim, three research questions were constructed with each 
containing supportive objectives to help answer the respective question. An extensive 
literature review was undertaken to generate the research questions and objectives listed 
below. 
Research question 1: What are the suitable measures for assessing components (diet and PA) 
of the nutrition transition in PNG?  
1. Establish background information on diet and verify the validity of data collection 
tools.  
2. Develop and validate a PNG-specific PA questionnaire—the PNG Physical Activity 
Questionnaire (PNG-PAQ).  
Research question 2 : What are the characteristics of the nutrition transition across the study 
sites in PNG? 
3. Describe diet quality and identify variation among and across the study sites. 
4. Identify factors associated with the variation in quality of diet, as a basis for 
examining how the nutrition transition process is similar or different across sites. 
5. Describe the levels of PA and identify variation among the study sites. 
6. Identify factors associated with the variation in patterns and levels of PA, as a basis 
for examining how the nutrition transition process is similar or different across the 
sites. 
Research question 3: What are characteristics of food insecurity across the study sites in 
PNG?   
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7. Assess the extent of food insecurity and identify variation across the study sites.   
8. Examine how the nutrition transition may be affecting food insecurity and identify 
variation across sites.  
 
Given the research questions, the following hypotheses were developed to guide this research 
study further:  
1. Economic growth in PNG leads to a higher intake of processed foods, fat, and sugar, 
lower physical activity, and greater risk of NCDs.  
2. Economic growth in PNG maintains food security, with more economically active 
populations showing less experience of food insecurity and associated health risks.  
 
 To achieve this the research also developed data collection instruments suitable for 
investigating diet, PA and food insecurity in PNG.  The main components of new data 
collection involved cross-sectional studies undertaken in study sites.  To complement this and 
address the core focus of transition in PNG a review of literature of over 20 years was 
undertaken as a strategy to identify key changes over time. More recent literature was cited 
where available to support and compare findings for this research work.  
 To conceptualise the PhD study, the research framework in Figure 3 was developed. 
The framework illustrates the relationships between the main study factors: the contribution 
of economic growth (measured by income and employment) to the nutrition transition (diet 
and physical activity) and food insecurity, and the expected health effects (risk factors of 
NCDs and malnutrition). This research framework provides a context for examining the key 
elements of the nutrition transition and food insecurity in the PNG setting. The research 
conceptual framework specifically outlines the core focus (nutrition transition and food 
security) of this PhD. However, there are various significant factors that are interrelated with 
nutrition transition and food security such as food environment which affect food safety and 
breast feeding. We acknowledge the importance of these factors as pathways to change and 
broader health outcomes, however they are secondary to documenting the extent of the 
nutrition transition in PNG and therefore are out of scope.   
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Figure 3. Research framework utilised in this study 
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1.3 Thesis Outline 
This thesis is comprised of written chapters, manuscripts, and draft manuscripts. Chapters 1–3 and 
8–9 are standard chapters; chapters 4–7 are written as manuscripts for publication. Outlined below 
are brief descriptions of the thesis by chapter.  
 
• Chapter 1: Contains the introduction that provides a brief background to the PhD research 
area of interest (nutrition transition) and the context of the research work, followed by the 
aim, research questions and objectives, and research framework.  
 
• Chapter 2: Presents a literature review that examines evidence available from research on 
the key research areas and issues regarding nutrition transition and food insecurity and their 
effects at the global level, in the Pacific Island Countries and Territories (PICTs), and 
within the context of PNG.  
 
• Chapter 3: Provides the detail of the research strategy and an overview of the methodology 
applied in the three parts of the research. More specific information on the methodology is 
provided in the relevant manuscripts.   
 
• Chapters 4–8: These chapters address the research questions and present the results.  
 
o Chapter 4:  A submitted manuscript that covers the background of dietary patterns 
and practices, development and verification of dietary data collection aids and 
instruments, and which also addresses research question 1, objective1.  
o Chapter 5: Also a submitted manuscript on the development and validation of the 
PNG-PAQ, the chapter addresses research question 1, objective 2.  
o Chapter 6: This is a draft manuscript that presents the population survey results on 
the nutrition transition and dietary quality across the three study sites, and answers 
research question 2, objectives 1and 2. 
o  Chapter 7: This chapter examines the patterns of PA and associated factors across 
the study sites. It addresses research question -2, objective -3 and 4.  
o Chapter 8: Considers food insecurity in the study sites and addresses research 
question 3.  
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• Chapter 9: This is the overall thesis discussion with summary of the main findings of the 
PhD research work and offers an overall assessment of the nutrition transition in the study 
sites (and its implication in PNG compared to other PICTs), and general trends in the 
literature.  
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CHAPTER 2  Literature Review 
 
 
2.1 Chapter Summary  
The literature review focuses on the nutrition transition, the core subject area of the PhD, and 
considers how this may be linked to food insecurity. The implications of nutrition transition and 
food insecurity on health outcomes will be discussed to highlight the importance of the PhD 
research area. The literature review provides background of the theory of nutrition transition, 
including associated concepts and implications. It then goes on to consider a global overview and 
effects of nutrition transition, the significance of these situations in LMICs and PICTs, and finally, 
what is known about this in the PNG context. Food insecurity is briefly explored by providing the 
history of the concept and its application on the world stage, neighbouring countries, and PNG. The 
discussion of health implications includes NCDs and infectious diseases.   
The broader concepts of nutrition transition and food insecurity are discussed to define most 
of the functional attributes that relate to the study’s operational definitions of key terminology. 
Overall, this literature review aims to offer a reliable and adequate background for the proposed 
research work. Information on PNG is sourced mostly from previous nutrition studies conducted in 
various parts of the country to examine the dietary and PA patterns and practices. Observation on 
trends in the study populations is frequently incomplete because of the limited available 
information.  
 
 
2.2 Definition and Background of Nutrition Transition  
Nutrition transition was first described by Popkin as “...major shifts in nutritional profile of 
populations in terms of change in dietary patterns due to responses to economic, demographic, 
environmental and cultural changes” [8, 11]. Nutrition Transition theory focuses on the dynamics of 
diets and physical activity and the health implications of the change in populations over time [8, 12, 
19]. Nutrition transition is often discussed concurrently with changes in diseases patterns [19]. For 
this research, the operational definition will be “Shifts from traditional diets and subsistence PA to 
those consisting of introduced processed food and modern or urban lifestyle-oriented PA as 
traditional societies gradually transform into modernised communities” [20].  
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In the literature, the theory of nutrition transition includes work from Popkin and other 
researchers that outline the broad shifts of dietary and PA patterns including factors associated with 
the changes in terms of processes and implications in high-income countries and LMICs. In the 
early 1990s, Popkin identified general shifts towards energy-dense diets and sedentary lifestyle [21, 
22]. He also examined food balance sheets and data from nutrition surveys that were taken from 
various populations in developed and middle-income countries and observed a shift in diet structure 
featuring an increase in fat and sugar intake (largely from refined or processed ingredients) while 
sedentary and inactivity increased [6, 8, 23, 24]. Furthermore, these analyses by Popkin and his 
collegues identified that the characteristics of the nutrition transition depended on an interaction of 
factors that included economic processes, urbanisation, and modernisation. The adverse changes in 
diets and PA are fundamental components of the nutrition transition and are strongly associated 
with increasing burden of obesity- and nutrition-related NCDs (NR-NCDs) [3, 24-27].  In addition, 
studies over time have highlighted that the rate and characterisitc of the phenomenon vary across 
countries and populations [6, 22, 27, 28].  
Popkin has suggested five broad nutrition transition patterns shaped by biological, 
environmental, socioeconomic, and cultural factors [29]. These patterns or stages (illustrated in 
Figure 4) can also be a nutrition transition classification of the phases that societies may experience. 
Patterns 1 and 2 in the diagram depict early prehistoric hunters and gatherers. Towards the 
end of this period, famine is followed by the primitive inception of agriculture. Pattern 1 is 
characterised by highly active lifestyles and diets supplemented solely by the environment. 
Pattern 2, shaped by the related effects of famine from poor nutrition and the resultant 
decrease in body fat, inevitably lead to malnutrition. The final three patterns illustrate 
changes currently being observed in LMICs and high income countries. Pattern 3 illustrates 
the end of the famine period with a rise in income levels that convincingly improve 
nutrition. Pattern 4 demonstrates diseases related to overeating and obesity, further 
stimulated by an increase in income, where individuals are open to an abundance of high 
caloric foods while susceptible to reduced physical activity. Pattern 5 shows the emergence 
of positive behavioural changes in response to increased rates of nutrition NR-NCDs after 
widespread promotion of community-based awareness.  Preventative measures seem to have 
succeeded.  
[11, 29] 
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Figure 4. Stages of nutrition transition 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Popkin 2002 
 
Since the establishment of nutrition transition theory, the measures to assess the 
characteristics and effects of the phenomenanon have shifted over time to reflect the nutrition 
exposures from risk factors of infectious diseases towards emerging NCDs [3, 23, 30]. In the early 
stages of the nutrition transition that is predominated with malnutrition and infectious diseases 
nutrient-based analysis of dietary data has been applied to examine adequacy of essential nutrients 
for growth and protective response to illness [7, 30, 31]. Then in the later stages that show increase 
in NCDs and associated risk factors such as obesity and hypertension, dietary data analysis has 
incorporated food groups analysis to examine dietary patterns [3, 9, 32, 33]. Food groups analysis is 
particularly considered to assess the effects of processed foods on diets as food processing 
industries have expanded along with globalisation [34-36]. Lately food fortification has been 
recognised to play an important role in improving diets to address issues of deficiency of essential 
nutrients and food groups analysis have been shown to be crucial to evaluate such interventions [37-
39]. It is important to note that the approaches taken to assess nutrition transition are largely 
determined by the stages of the transition underway. This PhD research applied a range of measures 
given the the context of PNG that continues to face extensive malnutrition issues as well as 
emerging NCDs. The collective measures incorporated in the research work included a nutrient-
based approach to examine diet quality and food group analysis and other approaches to understand 
dietary patterns and practices. These measures all contribute describe to understanding the 
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characteristics of the nutrition transition across our study sites to answer the PhD research 
questions.  
The major components of nutrition transition that include dietary and PA patterns and 
practices are the core of this research [22]. Dietary patterns are established by the measurement and 
detailed description of food consumption, often of the quantities, proportions, variety, or 
combinations of different foods and beverages in diets, as well as the frequency with which they are 
consumed [20]. Food consumption behaviour is defined by Grim as: “A complex interplay of 
physiological, psychological, social and genetic factors that influence meal timing, quantity of food 
intake, food preference, and food selection” [40]. An operational definition of the term “dietary 
pattern” for the purposes of this research will be: The meal composition that includes the 
proportions of the main sources of food, and diet quality. This operational definition is extended to 
dietary practices that include food preparation and food consumption behaviour incorporating meal 
times, consumption of fast food, accounts of consuming sweetened beverages and sharing of food, 
contributing to diet quality. PA patterns and practices are the processes of energy expenditure, 
including the various activities performed within each occupation [6]. An operational definition of 
PA for this PhD research is: A weekly distribution of physical activity across five major divisional 
domains (paid work/student, subsistence work/cashcropping, house chores, transport and leisure) 
and the total time spent on sedentary PA and moderate-to-vigorous PA (MVPA). The five 
categories of PA were created based on the orientation of common activities across the study 
populations. Distinctions between conceptual and operational definitions will be made where 
necessary throughout the review. The inclusion of both diet and PA in the research is crucial for 
understanding the process of nutrition transition, due their influence on energy balance, the balance 
of energy from consumption and expenditure of energy [19, 20].  
Major shifts in dietary and PA patterns have been observed in the last two decades [23, 28, 
31]. Various countries’ traditional diets have been transformed by the introduction of modern or 
foreign refined and animal-based foods. In Japan there has been an increase in red meat, milk and 
dairy, poultry, and eggs, where small serves of rice, fish, beans, and rich pickled vegetables were 
once dominant [28]. Similar shifts in meat consumption are being observed in China [41], while in 
India, diets high in coarse grains such as sorghum, barley, maize, and millet are being replaced by 
consumption of rice and wheat and an increased intake of dairy products and added sugar [41]. 
These dietary changes lead towards more energy-dense diets, however the specific changes differ 
across countries and are marked by the types of foods and the rate of changes.  
The processes described for the nutrition transition also recognise significant shifts in eating 
behaviours and practices across the world’s populations. The number of meals per day has 
increased with more snacking, and this has been linked to the obesity epidemic in the United States 
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of America (USA) as well as  some populations in developing countries [42]. Snacking on packaged 
food as availability and access to these foods increases has been raised as a particular concern 
among populations in LMICs [43]. Likewise, food preparation methods have changed over time 
(specifically the adoption of frying) as vegetable and animal fats have become available [21,63]. 
These patterns are well established in populations of developed countries and are often used as a 
point of reference for populations in developing countries. However, there appear to be clear 
distinctions in current dietary changes, especially in traditional societies such as PNG, so such 
comparisons can be misleading.  
At the same time, physical activity patterns indicate shifts from labour-intensive to more 
sedentary activities. The World Health Organization (WHO) reported that, in 2010, about 23% of 
adults aged 18 years and over across the world were insufficiently active [44]. Increased inactivity 
is attributed to changes in occupational and leisure patterns [44, 45]. In countries undergoing 
industrialisation, PA patterns show shifts from labour-intensive, agriculture-related PA towards 
more sedentary PA in manufacturing and services. Popkin observed a decline in active lifestyles 
among low-income Chinese populations as people moved into cities and acquired less labour-
demanding jobs [6]. Leisure time in the urban environment has increased sedentary behaviour, 
including, for example, screen time. These changes contribute to an energy imbalance that 
essentially defines the characteristics of the nutrition transition among populations, societies, and 
countries.  
The Vorster et al. framework (Figure 5), which illustrates mechanisms and processes of 
nutrition transition among traditional societies in developing countries, demonstrates the 
intertwining of factors affecting change [20]. Although the illustration identifies urbanisation, 
economic growth, and cultural backgrounds as the major contributing factors, changes in social 
structure and individual adaptations also impact diet and PA patterns [20].   
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Figure 5. Nutrition transition in developing countries: Schematic representation of the contributing 
factors and consequences of nutrition transition 
 
Source: Vorster et al. 1999 
 
2.3 Global Dynamics of Nutrition Transition  
Reviews and large population-based studies in developed and some middle-income 
countries such as India, the middle east countries, Brazil, and China demonstrate that each country 
or population passes through the five stages of nutrition transition at different [11, 12, 28, 46, 47]. 
The burden of infectious diseases and NCDs (including their risks factors) differs given the 
differences in the nature of change, and this reflects the various stages of nutrition transition. 
Popkin et al. showed that most high-income countries have reached the final stages of nutrition 
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transition. Those countries have embarked on strict prevention strategies that target behavioural 
changes to reduce NR-NCDs [8, 11, 29]. In contrast, Popkin et al. reported that LMICs continued to 
experience infectious diseases together with NR-NCDs, a predominant circumstance of low-income 
countries in the developing world [8, 41]. Also, the poor urban and rural populations of middle-
income countries have not progressed to the fourth stages of nutrition and show an increase in NR-
NCDs [13, 41]. Similar patterns are highlighted in various PICT populations. Studies in some 
PICTs have described situations in the third stage of nutrition transition, while some populations in 
remote rural regions show patterns of the first stage [48, 49]. This suggests that countries have 
different experiences of major change and some of these account for the mixed characteristics of the 
nutrition transition patterns that are due to various co-existent populations groups.  
The patterns of nutrition transition are determined by underlying processes and factors, and 
further investigation is required in order to understand the variation in terms of the rate and nature 
of changes. Other studies conducted Popkin have highlighted that rapid urbanisation and growth in 
income by economic development are responsible for major changes in dietary patterns and PA [3, 
21, 48, 50].  Specific assessment of diet quality, in terms of fat contribution to total energy intake 
and the relationships between contributing factors of nutrition transition, have provided insight into 
the shifts in dietary patterns.  Drewnowski et al. stress that within a complex of interrelated 
dynamics, economic factors play an important part, particularly income [8, 28, 51]. A food balance 
sheets analysis by Drewnowski that investigated fat intake in 1960 revealed that the proportion of 
energy intake from animal and vegetable fat was higher (38%) among the high-income countries 
than their low-income counterparts (5%) (Figure 4 6) [21, 51]. However, a 1990 comparison 
showed a steep increase in fat consumption in low-income countries.  These changes were not 
necessarily due to an income-diet relationship, as Drewnowski had previously observed, but caused 
by availability of cheap vegetable oils [21] and this suggests that the income-diet relationship had 
changed [9, 21, 28]. In the PICTs, Hodge, Hughes, and Thow suggest that the rise in fat 
consumption contributing to energy-dense diets is related to improved income as well as the 
increased accessibility of food sources (mostly imported) driven by trade policies and urbanisation 
[48, 52-54].  
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Figure 6. Trends in fat consumption  
 
 
Source: Drewnowski, 1997 
 
Another important relationship causing changes in dietary patterns is with income and rapid 
urbanisation. Popkin et al. investigated these effects among urban populations and found that the 
data for low-income urban populations showed an increased proportion of energy intake from 
sweeteners, while that of high-income urban dwellers displayed decreasing trends [51]. This 
indicates that the distribution of main energy sources, especially among urban populations, is most 
likely driven by income inequality. Such trends are observed in poor populations in LMICs. 
Drewnowski and Popkin have emphasised that the move towards adverse diets in LMICs has 
occurred within a period of 10–20 years compared with longer periods in the case of developed 
high-income countries [11, 21, 55]. 
The theory of nutrition transition places equal emphasis on diet and PA. Shifts in PA 
patterns are associated with technology, environment, culture, and lifestyle. For example, modern 
technology enabling the use of machinery in farming and other industries, motor vehicles for 
transport, and sedentary leisure activities such as watching screens, contribute to reducing PA [56]. 
Popkin et al. stated that while accounts of changes in PA are apparent, they vary across populations; 
and he refers to China, where PA among rural populations has increased due to the demands of 
multiple jobs [51]. Drewnowski et al. and Popkin reported a downward trend of PA levels over a 
ten-year period (1989–1997) in low-income and middle-income populations in China [6, 28]. 
Popkin also highlighted pronounced shifts from labour-intensive agricultural work toward industry 
and services work among the low-income countries, as shown in Figure 7, with increases in 
employment in the service industries from 1972 to 1993 [57]. Changes in social structures and 
cultures, environment, and demand orchestrated by economic development, have determined shifts 
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in PA and hence towards the nutrition transition. These researchers have noted the importance of 
having adequate data on PA, to enable monitoring and a more accurate evaluation of PA trends.  
 
Figure 7. Shifts in the distribution of occupations for lower-income countries from 1972 to 1993 
 
 
Source: Popkin (2001) 
 
Inactivity has been directly linked to obesity and found to be the fourth major risk factor of 
NCDs and other lifestyle diseases [58]. By emphasising the importance of PA in preventing and 
treating NCDs [59, 60], the WHO has provided guidelines recommending 150 minutes of moderate 
or 75 minutes of vigorous PA for adults to prevent NCDs [59]. In its latest report, the WHO stresses 
the need to create policies that provide equal opportunities across gender and culture by creating 
safe, PA-conducive environments to promote activate lifestyle in growing urban centres [60].   
Among the processes of nutrition transition described, globalisation has been a recognised 
catalyst of accelerated change, especially in LMICs. Extensive WHO documentation of the effects 
of globalisation on food and nutrition compiled by Hawkes found that globalised goods and 
services increases the availability and access to processed foods high in fat and sugar [1]. This 
system of trade involving transnational food companies and supermarkets consequently alters the 
background food environment [1]. Further changes in the food environment are brought about by 
the extensive media coverage and global food advertising influencing personal choices [1, 22, 61, 
62]. Hawkes argues that cheap processed foods reduce the demand for home produce or purchases 
from local marketplaces and increase dependence on adverse food sources, contributing to effects of 
nutrition transition [1]. Hughes and Thow have observed similar effects of globalisation in PICTs 
such as Fiji, Samoa, and Nauru [48, 54, 63]. Even though globalisation is not the focus of this 
research, it is crucial to recognise its role in encouraging an influx of imported, energy-dense foods 
contributing to a shift in diets.  
 
Service industry 
Manufacturing 
Agriculture 
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2.4 Characteristics and Trends of Nutrition Transition and Trends and PICTs 
The PICT islands are 22 independent nations comprised of the ethno-geographic groups of 
Melanesia, Micronesia, and Polynesia [54]. As shown in Figure 8, PNG is the largest island in the 
region and most of the PICTs are much smaller islands scattered across the Pacific Ocean. 
Neighbouring countries include Australia, Indonesia, and Japan. While the PICTs may have once 
shared similar subsistence lifestyles, today the level of economic development and way of life 
varies across these island nations [54].  
 
 
Figure 8. The Pacific Island countries and territories 
 
 
Source: Campbell 2015   
 
Nutrition transition in the PICTs began with colonisation and by the 1960s further major 
changes started to take place, which have been rapidly transforming the island countries [64, 65]. 
Most of the PICTs are traditional societies that had diets of food crops, wild animals, and fish, and 
engaged in labour-intensive subsistence and fishing activities [66, 67]. Changes in dietary intake 
and lifestyle in some of these island nations have contributed some of the world’s highest 
prevalence of obesity and NR-NCDs among its populations [68].  Colonisation, adaptation to 
modernisation, and urbanisation are said to be the key factors leading to the rapid change (as well as 
globalisation, as discussed in the previous sections) [39, 44, 55].  
Societies in the PICTs are becoming increasingly dependent on imported processed foods of 
poor nutritional quality, such fatty meat, instant noodles, and high-sugar snacks [67-69]. A study by 
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Thow et al. found increasing trends in the consumption of imported and processed foods and a 
steady drop in the consumption of starchy root vegetables (see Figure 9), as well as increase in  
vegetable oil and animal fats in the region (see Figure 10) [69]. This study included Fiji and Samoa 
and analysed availability of traditional and imported processed staples and imported foods [69]. The 
data on meat availability showed an increasing trend with Samoa’s double that of Fiji’s [69]. 
Traditional root crops and bananas are being replaced by rice, and fresh game meat and fish are 
being substituted by tinned fish and meat; traditional snacks of fruits and nuts are becoming less 
common as processed snacks become more available [54, 63, 67]. It is reported that imports of 
frozen fatty meat cuts have become common. A recent study by Sievert and collegues demonstrated 
sweeping changes in sales of beverages and edible oils, particularly vegetable oils, suggesting a 
rapid increase in consumption of these items [36]. Thow and Snowdon argue that the 
transformations in these countries are a result of trade policies and the countries’ capacity to 
produce food [49, 54, 63, 70, 71]. While a similar trend is observed across the region, the 
characteristics of the changes in each country vary.  
 
Figure 9. Availability (quantities and calories) of cereals and root crops in Fiji, 1962–2003   
                                    
 
Source: Thow et al. 2011 (FAOSTAT Food Balance Sheet Data)  
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Figure 10.  Availability of fats and oils (per capita) in Fiji and Samoa 
 
 
Source: Thow et al. 2011 (FAOSTAT Food Balance Sheet Data)  
 
Popkin and colleagues have pointed out the differences in diet structure between India and 
China, whereby India had a major increase in dairy products and sugar while China had an increase 
in meat and oil consumption [30]. This difference is associated with differences in burden of 
specific NCDs such as high burden of diabetes in India and cardiovascular diseases (CVDs) in 
China. Similar variation also exists across the PICTs [48]. Hughes and Lawrence showed different 
increases in fat intake and (Figure 11) suggesting not only variation across countries, but also 
population disparities within countries [48]. These point to the need to carefully examine nutrition 
transition within countries for much-needed country-specific trends. This will provide insight into 
preventing the adverse effects of nutrition transition on health.  
 
Figure 11.  Total energy and fat increase (per capita per day) in the food supplies of selected PICTs 
 
 
Source: Hughes and Lawrence 2005 
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Transformation of physical activity across the PICTs has also been observed following 
European settlement and governing of the islands in the region. The traditional way of life of the 
inhabitants of the islands was dynamic and included intensive activities such as treacherous voyages 
and journeys, food gathering and cultivation, hunting and fishing [69, 72, 73]. McLean and 
Ulijaszek pointed out that colonisation processes interrupted the complex trade networks, a 
mechanism especially to maintain food supply among smaller geographically isolated islands and 
neighbouring islands [64]. Collapse of the trade network and introduction of modern vessels have 
affected the key intensive activities among the island populations. Food producing activities have 
dramatically changed as well from historical colonisation due to ongoing urbanisation and trade 
because of availability of packaged foods and replacement of manual jobs by introduction of tools 
and machinery [64, 72, 74]. Snowdon and Thow have recently argued tourism also contributes to 
the changes taking in the PICs [75]. Like other populations discussed earlier modern agricultural 
farming techniques and use of machinery also play an important role in shifts to less labour-
intensive activities of food production [65, 71]. Increased reliance on imported processed foods has 
seen a reduction in subsistence food producing activities. There is however, a marked difference in 
changes of PA among the rural and urban populations, the later embarking on inactive lifestyles 
with for example, office jobs [15].  
Differences in cultures, historical colonisation, and level of urbanisation, food trade 
conditions, and capacity to produce food indicate that the characteristics and rate of the changes will 
vary by country and populations. Nauru, a small Micronesian island in the western Pacific has one 
of world’s highest prevalences of non-insulin-dependent diabetes mellitus (NIDDM), a NCD [68, 
76]. People on the island rely heavily on imported processed food given the island’s inability to 
generate its own food supply [68, 76]. The Polynesian populations of Samoa and Tonga show 
profound changes from traditional diets of taro, yam, and fish to diets of salted processed foods and 
animal foods higher in protein and saturated fat [72, 77, 78]. In the Melanesian populations of 
Vanuatu and Fiji, diets show increases in imported processed foods. While traditional root crops are 
still important in their diet, they are declining in consumption [63, 69, 79]. This variation is 
reflected by differences in prevalence of obesity and NCDs, particularly diabetes and CVDs.  
 
2.5 Nutrition Transition in Papua New Guinea: The Changes in Dietary and PA 
Patterns and Practices and Associated Factors 
PNG is an island nation consisting of 21 provinces grouped under four regions, the Highlands, 
Momase, Southern/Papuan, and Islands. The provinces are richly diverse in their cultural and 
traditional heritage marked by more than 800 indigenous languages. The people are generally 
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classified as coastal, lowland, or inland highlanders. Major economic development in the country 
began in the 1990s, mainly from the mining and logging industries that led to the expansion of 
urban centres [80]. Since then the population has doubled, with a current population of about eight 
million and a growth rate of approximately 4.5%. Most (80%) of the country’s population still lives 
in rural areas and maintains a subsistence lifestyle; nevertheless, there is a steady growth in the 
urban populations [81].  
Nutrition transition in PNG is characterised by the shift from traditional diets and active 
subsistence lifestyles to the adoption of “Western” or modern diets high in processed food and 
sedentary activities [82, 83]. Similar to the dietary patterns reported from PICTs, Lambert, an early 
researcher in PNG, described the traditional PNG diet as consisting of root crops and green leafy 
vegetables supplemented by protein from fish andmeat from wild animals and birds [84]. People 
worked in the gardens, did animal husbandry, hunted and gathered food, and constructed shelters, 
fences, and canoes, while constantly walking to and from destinations [85, 86]. Methods of food 
preparation and preservation included roasting, boiling, steaming, and smoking, methods that 
greatly contributed to the maintenance of traditional nutritional values [78, 79]. These societies of 
the highlands and coastal regions consumed relatively simple plants, low energy-density diets, 
while constantly performing intense labour activities that maintained energy balance [83, 87].  
Imported processed food in local diets and changes in PA patterns began after World War II 
and only became apparent in the 1950s in the pre-independence colonial era. The dietary and PA 
changes were first noted to be exceptional Iin the coastal areas during the mentioned period and 
were gradually being established inland into the highlands [84]. The end of colonial rule and 
independence for PNG in 1975 marked the beginning of more intense economic activity, 
accompanied by increased urban drift, the expansion of urban townships and cities, and the launch 
of the mining and logging industries [88, 89]. These intensified economic activities further 
increased the variety of imported processed food, such as sweetened beverages, and more animal 
fats and vegetable oils, but may not have penetrated into rural areas as noted by Hodge [90, 91]. 
Hodge study was able to provide some background information on dietary and physical activity 
patterns for our study populations and found key elements of the nutrition transition. The findings 
showed use of oil in food preparation and snacks of refined carbohydrate and sugar. The trends in 
consumption of processed foods in PNG are similar to that of other PICs though the rate of changes 
and extent of inclusion is lower than its neighbouring countries as demonstrated by Sievert and 
collegues [36].  
From the colonial era until the early 1980s, research into nutrition and diet sheds light on 
some of the possible causes of shifts in diets and domestic activities. In the highlands and coastal 
areas of PNG, shifts in diets and activity patterns are thought to be influenced by cash cropping, 
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which was originally conducted by the former colonial administration settlements. In the 1960s, 
Venkatachalam et al.’s research  found an absence of  processed foods in a village in Chimbu, and 
that population’s energy intake was inadequate and particularly low in protein [92]. Lambert then in 
the mid-1970s in the same population after the establishment of the cash crop (coffee), noted an 
increase in imported processed food consumption, with an increase in energy intake as well as 
protein [84]. In the 1980s, Harvey and Heywood conducted a 25-year follow-up study and found 
that the contribution of traditional staple sources towards energy and protein intake decreased, while 
those of purchased processed food, including cereals and tinned fish, showed a steep increase [88]. 
Separate studies by Lourie and Taufa, conducted in three villages exposed to mining activities in Ok 
Tedi, concluded that the quality of diets improved with proximity to a mining town [65, 93]. 
Meanwhile, in the coastal region, the urban population and some urbanised villages were already 
demonstrating the impacts of adverse diets and activities, with increased risk factors of NCDs as 
early as 1970s. By 1980, King et al. found that people in peri-urban villages of Port Moresby the 
capital city of PNG were diabetic with severe hyperglycaemia and increasing glucose intolerance 
[94]. Similar of the risks of NCDs, such as increased cholesterol levels and obesity, were evident 
among mine workers and urban residents from mining towns in Bougainville [95].   
Since then, populations in the rural and urban areas have shown signs of the nutrition 
transition, from major shifts in diet to an increased incidence of NCD risk factors. A review by 
Saweri, and a study by Kende showed diets across PNG at the end of the 20th Century were 
dominated by processed foods, specifically rice, instant noodles, tinned fish, and sweetened 
beverages [83, 87]. However, Lindeberg et al.’s study in 1992 of isolated Kitava Islanders in Milne 
Bay Province found that the islanders maintained a traditional diet and lifestyle [96].  Comparative 
studies of rural and urban population groups in Tari in the Highlands by Yamauchi et al. revealed a 
balance between energy intake and total daily energy expenditure; however, protein and fat intake 
were considerably higher among urban populations [97]. This may indicate that urban coastal 
populations were more predisposed to the effects of dietary changes than highland populations, as 
reported by Natsuhara et al. [98]. Changes among various population groups in PNG have been 
occurring discretely and reflect variations in dietary changes.  
Since the afore mentioned studies involved small sample sizes (fewer than 250 participants) 
and use a variety of research methodologies, the differences observed may not necessarily depict 
the extent of change occurring in regions across populations in PNG. In addition, the effects of 
major industries are assessed for very specific groups. Most importantly, up-to-date information is 
required since most of these studies were conducted in, or before, the early 2000s and before much 
of the recent economic growth in PNG.   
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Differences in levels of exposure and interactions with factors that influence nutrition 
transition throughout the geographical regions of PNG have the greatest likelihood of predicting 
variations in dietary and physical changes across its populations. The coastal regions were first to be 
colonised and adopt “Western” diets [99]. However, the expansion of urban centres and major 
industries have increased availability and accessibility to the Highlands, suggesting that populations 
across PNG are equally vulnerable to dietary changes. In addition, there are different types of cash 
income activities and opportunities across regions, often shaped by cultural diversity, which have 
created differences in the adoption of “Western” or modern ways of life. Hence, nutrition transition 
may not be uniform across regional, rural, and urban locations, or across populations of differing 
socioeconomic status. Unfortunately, we have only limited knowledge about the extent of the 
changes to dietary and physical activities, and their potential health implications. Information on 
this is topic is important for establishing practical and realistic population-specific preventative 
strategies for addressing the negative impacts of nutrition transition [49].   
As outlined in Chapter 1, this research intends to use a consistent methodology to explore 
the nutrition transition across the PNG population groups selected from  both urban and rural, and 
coastal and highland areas. The concept of nutrition transition will be examined through shifts from 
traditional to modern patterns.  
 
 
2.6 Food Insecurity: Definition, Background, and Trends  
While food insecurity is not the focus of this PhD, it was nonetheless explored as a closely related 
outcome, given its importance in the PNG setting, and because it can be affected in the course of 
nutrition transition. This section will consider the definition of food insecurity, provide a brief 
background and trends, and summarise the food insecurity situation in PNG. Food insecurity affects 
a number of developing countries experiencing nutrition transition, and is an issue that has attracted 
worldwide interest from policy makers, practitioners, and academics from a range of fields, 
including health, agriculture, economics, and geography. Varying in intensity from country to 
country and within country, food insecurity is a concern for national governments because of its 
potential to cause economic instability. The more recent impact of globalisation and climate change 
have created further challenges [62, 100] which haven led to a global effort to prevent food 
insecurity [62]. Food insecurity is an issue that populations in both the developed and developing 
worlds continue to experience. In developing countries, however, the issue of food insecurity tends 
to coexist with nutrition transition, contributing to malnutrition and increasing the risk of infectious 
diseases and NCDs.  
Maxwell and Smith have identified four core concepts on which food security is founded: 
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(a) sufficiency of food, defined mainly as the calories needed for an active and healthy life; (b) 
access to food, defined by an entitlement to produce, purchase or exchange food or to receive it as a 
gift; (c) security, defined by the balance between vulnerability, risk and insurance; and (d) time, 
where food insecurity can be chronic, transitory or cyclical [101]. 
The definition of food security used in the literature is generally based on these key 
concepts, but can differ according to approaches adopted by individual disciplines and countries 
driven by various circumstances. Food security was initially recognised in 1948 with the United 
Nations Declaration of Human Rights stating that, “Everyone has the right to adequate standard of 
living” in response to limited availability of food after two world wars leading to international effort 
to distribute food to affected populations [101, 102]. The definition was modified throughout the 
1970s during the African food crisis, and again in the 1980s when poverty was recognised as a 
growing issue. During the 1996 World Food Summit (WFS) in Rome, which was attended by 129 
countries, the definition of food security was revised once again: “Food security exists when all 
people, at all times have physical, social and economic access to sufficient, safe and nutritious food 
that meets their dietary needs and food preferences to live an active and healthy life.” [103]. This 
revised definition not only incorporates the three domains of food security, but also emphasises the 
ability to obtain socially and culturally acceptable food and ensures stable access to food by the 
phrase “at all times,” recognising the fourth component of food security.  
Adopting the definition used in New Zealand, this study will refer to food insecurity as 
“Experiences of likely events of insufficiency of food by individual accounts interms of  availability 
and access as possible causes of the shortages of food”. 
The Food and Agriculture Organization (FAO) of the United Nations maintains a global 
perspective on food insecurity. Its reports on the global state of food insecurity uses 
undernourishment as an indicator. During the 1996 summit, a Millennium Development Goal 
(MDG) was set “…to eradicate hunger in all countries, with an immediate view to reducing the 
number of undernourished people to half the present level, no later than 2015”) [104]. Evaluation of 
the MDG indicates an overall decline in global food insecurity. Nevertheless, 795 million people 
remain undernourished and, hence, experiencing food insecurity [104, 105]. The FAO has stressed 
marginal differences in the reduction of rates of food insecurity which have been observed across 
regions and countries (see Figure 12) [104]. The differences in the progress to improve and stabilise 
food security suggests that some countries continue to face serious food insecurity issues. The 
figures for the Oceania region which includes PNG shows that, except for Vanuatu, most countries 
have met the set millennial goal. However, there were no figures for PNG, the most populous 
country in the Pacific, due to the absence of reliable data for assessment. However, there has been 
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intensive work undertaken to reduce food insecurity in the country through the Department of 
Agriculture, which looks into various processes that threaten food sources in PNG.  
 
Figure 12. Undernourishment trends: progress made in almost all regions, but at very different 
rates 
 
Source: FAO (Note: Data for 2014–2016 refer to provisional estimates) 
 
These food insecurity figures from the FAO were global assessments that have limited value 
in determining the actual food insecurity situations within individual countries at regional or 
household levels. Even in countries where there is adequate food available, such as the USA and 
New Zealand, household surveys reveal an underestimation of the impact of food insecurity on 
poorer households [106, 107]. The situation in South Africa revealed the impact of the global 
economic crisis on the food security of the poor, as food prices rose [108]. A household food 
insecurity survey conducted by Melgar-Quinonez et al. across three different LMICs revealed low 
intakes of protein (which signifies food insecurity) and found that those subjected to food insecurity 
had a very poor quality of diet [109]. Concurrently, comprehensive household or individual data is 
essential for understanding the magnitude of these issues and suitable approaches for ensuring food 
security in each situation.  
 
2.6.1 The situation of food insecurity in PNG  
The assessment of PNG exports by the FAO rates the country food deficit suggesting that the 
country’s food security is alarming. However, Bourke dismiss the FAO’s claims which assessed 
only imports and exports including food products such as cash crops (including cocoa and copra) 
and not food produce for consumption [110]. Several studies  suggest that large rural populations 
have access to garden produce that meets required calories [110-112]. The challenge of food 
insecurity is seen in terms of maintaining a constant supply of quality nutritious food as the country 
navigates its way through various processes which threaten food supply, including climate change 
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[113, 114]. In relation to the nutrition transition, this could include a shift in the main sources of 
food supply as the traditional subsistence societies venture into the cash economy and become more 
dependent on imported store-bought foods, driven by economic growth and development, and 
globalisation. The situations vary across regions in PNG due to different agricultural zones, cultural 
background, and economic positions and activities.  
 In Asaro, as well for the highlands regions the information surrounding food security is 
drawn from provincial findings . Like the rest of the country, people in Asaro are traditionally 
horticulturalists dependent on cultivated food crops (mainly sweet potato), but also highlands pitpit, 
bananas, taro, beans, and green leafy vegetables [115, 116]. Pig husbandry has also traditionally 
been important for social and dietary requirements. In addition, wild animals were hunted, and 
seasonal nuts and fruits were gathered that contributed to the local Asaro diets [114, 115]. European 
contact and economic growth as well as modernisation have disrupted not only the traditional 
lifestyle, but also the food system and social structure in food production [116]. Coffee was grown 
as a cash-crop in the highlands in and then during the 1960s, the markets for introduced vegetables 
and fruits expanded creating a cash economy within subsistence societies [110, 117]. In the 1970s, 
Grossman reported that the people in Kapanara Village in the Kainantu District of the Eastern 
Highlands Province (where Asaro is also located) were supplementing their diet with purchased rice 
and tinned fish [118]. Nevertheless, studies show sweet potatoes continue to be largely cultivated 
for local consumption compared to the other food crops [117].  
 As mentioned, the Karkar site is an island situated on the north coast of mainland Madang. 
As with the Asaro site, people in Karkar traditionally made food gardens which commonly include 
banana and taro. The major supplements include yams, taro, cassava, and sweet potatoes. Seasonal 
fruits trees of breadfruits, galip nut (Canarium Indicum) and okari nut (Terminalia kaernbachii) are 
also significant in the local Karkar diet [119]. People on the island also hunt wild animals and birds, 
and gather green leaves to supplement the bananas and the root crops [119]. Fish and other seafoods 
are still the main source of protein for the people on the island. The Lutheran Church has been a 
significant influence since its the settlement on the island in 1904; the mission also built schools, a 
rural hospital, and a nursing college [120]. Apart from the church institution, major cocoa and 
coconut plantations were established on Karkar. The foreign land grab for plantations during 
colonisation, described by Allen et al., resulted in the establishment of numerous plantations along 
the coast of Karkar [115]. Locals also tapped into the cash crop for income earning. Long-term 
exposure to these social and economic ventures has had an impact on local livelihoods, with land 
lost to planations and a population increase on the island. As a result of these changes and the 
income-earning opportunities, people have incorporated store-bought into their diet [114, 119].  
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The Hiri Motuan people who inhabit villages in the Hiri site situated on the Hiri coastline 
were traditionally seafarers and their livelihood was based on fishing. Subsistence gardening in the 
area was minimal and gardens mainly consist of yam and bananas [121]. This group of people 
enhanced their food sources through barter systems of fish with root crops and bananas from the 
Koitabu people in the inland area, and sago obtained in exchange for clay pots from Gulf people in 
the famous Hiri Trade [122]. After colonisation and establishment of the administration in Port 
Moresby, and further expansion of the town after independence in 1975, urbanisation brought the 
barter system to an end [123]. Today, Hiri villages are peri-urban and located on the outskirts of 
Port Moresby. People rely on income from selling fish and other goods and services as well as 
formal employment in the nearby city for food [91]. Years of exposure to urbanisation has greatly 
influenced the communities in Hiri and their food sources and led to their present situation of food 
security.  
Bourke and Manning pointed out that both short- and long-term food supply problems are 
experienced throughtout PNG [110, 112]. Food shortages in PNG are caused by natural disasters 
such as extreme weather conditions including frost, drought, and excessive soil moisture as a result 
of extreme rainfall and by local events, such as tribal wars [110]. Severe hail storms that occur in 
the highlands and the 1997 countrywide drought resulted in major food shortages that led to an 
increase in rice imports. There is growing concern about the ability of local garden produce to 
sustain food supply due to the disturbance of rapid urbanisation and major mining, or other 
industries which disrupt social structures that support essential subsistence activities. Increased 
income might offer alternative means of food supply, especially in time of shortage, but the stability 
of that mechanism is questionable, as is how much of local production is traded off. This study will 
explore individual levels of food insecurity as food insufficiency in the study sites, and comparisons 
will be made across distinct study sites to identify different ways the nutrition transition may be 
affecting food insecurity.  
 
 
2.7 Implications of Nutrition Transition and Food Insecurity on Health Outcomes  
The concept of nutrition transition is closely linked to well-established theories of epidemiological 
and demographic transition, which allow an exploration of the effects of nutrition transition on 
health. Popkin illustrated the pathways and stages of each theory and the outcomes of the risk 
factors and diseases. Figure 9 [29] shows the relationship between these changes. Researchers with 
an interest in nutrition transition have found that the progression of LMICs through the stages 
within the framework differs from that of high-income countries, whereby they remain stagnant in 
the early stages but, at the same time, experience the health condition of later stages [11, 124, 125].  
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Figure 13. Stages of health, nutrition, and demographic changes 
 
 
Source: Popkin 2002 
 
Although studies have explained the shifts experienced by high-income countries and their 
movements through the stages over time, the shifts between phases experienced by LMICs seem to 
be more rapid. Popkin and Gordon-Larsen observed that emerging NR-NCDs, particularly CVDs 
and diabetes, have increased at the same time as an increase in the intake of fat and sugar [51]. In 
addition, nutrition experts emphasise that the shifts in diets have intensified nutrient deficiency 
conditions that continue to persist in low-income countries.  
2.7.1 Trends and disease patterns that link nutrition transition and food insecurity  
NCDs not only affect individuals but also have adverse social and economic consequences for 
societies, which are particularly devastating for LMICs [126, 127]. The burden of NCDs are more 
pronounced when premature deaths are taken into consideration: death among those under the age 
of 70 was about 42% and the majority of these were in LMICs [45, 126]. Popkin demonstrated that 
variations in changes of diets and physical activities lead to distinct patterns of NCDs. Whereas 
China shifts towards diseases related to hypertension, coronary heart diseases (CHD), stroke, and a 
subset of cancers, India has a higher incidence of CVDs, predominately ischemic heart diseases and 
adult diabetes [128]. Such disparity in the rise of specific NCDs can also be observed in PICTs. For 
example, Nauru has an increased incidence of diabetes while CVDs are higher in PNG [42, 125]. 
Just as essential as recognising the magnitude of the NCDs issue is identifying specific NCDs for 
targeted prevention strategies.  
Infectious diseases including malaria, pneumonia, tuberculosis (TB), and HIV/AIDS persist 
in LMICs, are a great burden for individuals, and have an impact on national economic growth. The 
These theoretical 
sequences of events 
occur concurrently 
in LMICs 
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Global Burden of Disease (GBD) Study 2013 reported a substantial decrease in malaria mortality 
and the number of TB cases also decreased [129]. However, there is an increasing incidence of 
HIV/AIDS in LMICs, and deaths from TB and malaria among HIV-positive people is also on the 
rise [129]. Similar trends in pneumonia incidence, usually a major health issue for children, are 
increasing among HIV/AIDS adults. LMICs also continue to have a high prevalence of diarrhoea 
and malnutrition, caused by poor nutrition. The disease burden in these countries further stretches 
the  struggling health systems, which already have limited capacity to provide essential treatment 
and management services [122].  
Insufficient energy and nutrient intakes caused by food insecurity can have a detrimental 
impact on health that contributes to persistent malnutrition and nutrition-related conditions [130, 
131]. According to the FAO, malnutrition arising from insufficient caloric intake continues to be a 
major health threat among vulnerable populations, especially those affected by other disasters [104]. 
Although children are most affected, adults especially pregnant women can suffer from malnutrition 
in severe conditions [131]. Food preparation is an issue among these populations because high rates 
of food-borne diseases lead to further nutritional issues. Food insecurity remains an important 
health issue due to the consequences of inadequate energy intakes and essential micronutrients that 
contribute to the risk of NCDs and infectious diseases.  
2.7.2 Immediate health risk factors associated with nutrition transition and food insecurity 
These disease burdens derive from risk factors which include overweight and obesity as well as 
malnutrition and stunting. Overweight and obesity are accumulations of body adiposity closely 
linked to the development of the above-mentioned conditions, specifically CVDs, diabetes, and 
cancer [91, 126]. Obesity occurs when energy intake exceeds energy expenditure. Analysis of the 
WHO Global InfoBase by Abdullah reveals a substantial increase in the prevalence of overweight 
and obesity in LMICs [130]. Popkin’s review of new dynamics of obesity in LMICs shows that 
lower socioeconomic status (SES) is no longer a protective factor from obesity, it is now prevalent 
in lower SES populations [9]. Although Popkin discussed the results of a positive SES-overweight 
relationship in a global context, contrasting findings have been made in studies by Monteiro et al. 
and Jones-Smith et al. [9, 25, 132]. In the Pacific Islands context, Hodge observed trends of 
increasing body mass index (BMI) and discovered that the increase was greater among the rural 
population undergoing modernisation [133]. Her analysis over a five to six year period 
demonstrated that the younger adult age group (18–34) had a BMI increase of about 40%, compared 
with 10% in the 54 years and older age group. In their review of global progress in obesity 
prevention, Roberto and colleagues found that progress is patchy and that a collective effort by 
various stakeholders is required to address the issue [134].     
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The WHO report also reveals that many people in developing countries, particularly women 
and children, continue to suffer from under- or malnutrition [131]. This is often described as 
wasting, stunting, or micro-nutritional deficiencies (anaemia, zinc, and vitamin A) [130, 131]. 
According to WHO, poor anthropometric status is associated with inadequate diet and the frequency 
of infection [131]. Abdullah reported that the current prevalence of underweight in developing 
countries is approximately 13.2%, but that the rate depends on the country’s economic status, with 
low-income countries worst off [130]. Asia-Pacific countries, including PICTs, had a prevalence of 
19.7%, which is higher than the African prevalence of 15.5%. Malnourished individuals are 
susceptible to morbidity, especially from endemic malaria and also from the high incidence of other 
infectious diseases such as pneumonia and diarrhoea in low income countries [131]. Diet and 
nutrition continue to play a major role in determining overall health outcomes.    
2.7.3 Disease patterns and health risks in PNG connected to nutrition transition and food 
insecurity 
Disease patterns in PNG are characterised by emerging NCDs and the ongoing struggle against 
infectious diseases, including HIV-AIDS. Infectious diseases such as malaria, pneumonia, and 
diarrhoea remain the leading cause of morbidity and account for 50% of PNG’s deaths [127]. NCDs 
are currently the second leading cause of death, according to the Global Burden of Disease country 
profile of PNG [135]. NCDs particularly CVDs and diabetes were unknown in traditional PNG 
populations until the 1970s. The main risk factors for NCDs, such as obesity, hypertension, glucose 
intolerance, and increased cholesterol levels, are rising [137]. Two separate studies conducted by 
Hodge et al. and Ulijaszek et al. in the 1990s found that risk factors for NCDs increased with 
modernisation [65, 90]. On the other hand, King et al. identified differences in blood pressure 
between six comparable semi-rural communities [136]. The recent study of NCDs in PNG by 
PNGIMR, which was conducted in a randomised general population, reported that 28% to 29% of 
adults had elevated cholesterol levels, and that 21% were hypertensive [137]. These figures were 
substantially higher than those previously reported and revealed a rapid increase in NCDs. The risk 
of infectious diseases, particularly malaria, is very high. The latest study by Manning et al. found 
that malnutrition was strongly associated with malaria infections in children in areas where malaria 
is endemic [138]. In such areas, pregnant women and children suffer severe anaemia. Malnourished 
children have an increased risk of obesity in later life, a major risk factor for NCDs [130]. PNG 
populations continue to face risks from both NCDs and infectious diseases, and nutrition plays a 
key role in prevention.  
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2.8 Justification for this PhD Study  
 
The literature shows that nutrition transition and food insecurity can play a crucial role in the 
increase of both NCDs and infectious diseases, especially among countries in transition. The 
literature demonstrates that there is a great need for country-specific information to provide better 
insights into this transition. In PNG, there are limited population-based studies using comparable 
methods about the major components of nutrition transition; that is, dietary and PA information. 
These are important for exploring and understanding the changes occurring across PNG’s culturally 
diverse populations. Previous studies from the 1980s and 1990s cannot be generalised to this case. 
Now is a crucial time to investigate changes as PNG is undergoing major economic development 
with the expansion of urbanisation and modernisation. In this environment, populations are most 
vulnerable to the effects of nutrition transition and food insecurity.  
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CHAPTER 3 Research Strategies and Methods 
 
 
3.1 Chapter Summary  
This chapter aims to describe the research strategies applied in this PhD study and provide an 
overview of the design and methods. This includes the processes and methods used for the initial 
dietary research (Part 1), the development and validation of PA (Part 2) and the survey measures 
and procedures in the third part of the study. The chapter also presents information on the SES 
household data that was incorporated from the PiH research project. Details on research design, data 
collection and processing and statistically analysis that is specific to each research question is 
presented as relevant in the chapters that follow.  
 
3.2 Outline of the Research Strategies and Methods  
As per mention in Chapter 1, this PhD research is the nutrition component of the PNG NCD Study 
focuses, with three parts as shown in the research plan (Table 1). Part 1 incorporated the 
establishment of background information of dietary patterns and practices in phase one of the study 
and verification of the 24-hour recall for dietary data collection and development of tools and 
processes. Part 2 involved the development of the PNG-PAQ in phase one and validation of the 
physical activity questionnaire in phase two. Part 3 was the population survey carried out in a 
sample population of three study sites. The 24-hour recall and PNG-PAQ were administered as 
components of the PNG NCD Study. The food insecurity questions were integrated into the main 
NCD Study and trialled as part of the questionnaire trial before the survey. The three food security 
questions included (see Appendix 8) were modified from the eight statements on food insecurity 
used in the New Zealand 1997 National Nutrition Survey (NNS97) to measure food security among 
disadvantaged and culturally diverse populations including Maori and Pacific Islanders [17, 107]. 
The changes aimed to cover the main domains of food insecurity and reasons for insufficiency but 
be more appropriately framed for the PNG context.  
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Table 1. Research plan 
 
 
 
 
3.3  Part One: Initial Dietary Research 
This research was carried out to address objective 1 of research question 1. This background 
information on dietary patterns and practices was gathered and dietary data collection instruments 
and survey aids were developed and verified in four sites, Hiri and Karkar from the coastal region, 
and Asaro and Hides/Komo sites from the highlands. All of the participants in this study were 
Objective Outcome Data type 
Dietary patterns and 
practices and data 
collection method:  
Chapter 4 
 
Question 1 What are the suitable measures for assessing components (diet and PA) of the nutrition transition in PNG?  
  
1. Establish background information 
on diet and verify the validity of 
data collection tools.  
  
Descriptive dietary information   
PART 1 
PNG-PAQ: Chapter 5 
 
2.   Develop and validate a PNG 
specific PA questionnaire.  
  
Time allocation – PA data 
PART 2 
Individual - Single 4 step 24 hr recall 
dietary data: Descriptive (Comparison 
between sites and income indicators)   
4. Identify factors associated with 
the variation in quality of diet, as 
a basis for examining how the 
nutrition transition process is 
similar or different across the 
sites. 
  
  
8.  Examine how the nutrition 
transition may be affecting food 
insecurity and variation among the 
study sites. 
  
  
Question 3: What are characteristics of food insecurity across the study sites in PNG? 
  
  7. Describe the extent of food 
insecurity and identify variation 
among the study sites.   
  
Individual information: Descriptive 
(Comparison between sites and 
income indicators) 
Food insecurity results: 
Chapter 8                    
Food insecurity results:    
Part of chapter 8  
Individual information and SES HH 
data: (Association between income 
indicators and food sources) 
Question 2: What are the characteristics of the nutrition transition across the study sites in PNG? 
  
3.  Describe the diet quality and 
dietary patterns, and identify 
variation among the study sites. 
  
  
Diet quality (Energy and 
nutrient intake) results:                                 
Chapter 6  
5. Describe the patterns and level of 
PA and identify variation among 
the study sites. 
  
 Individual – Time spent on PA: 
Descriptive (Comparison between 
sites and income indicators) 
Patterns and level of PA:                      
Chapter 7 
Individual dietary, SES individual and 
HH data: (Association between 
income indicators and determinants of 
NT bet. sites, employment and wealth. 
  
Regression analysis results:                              
Part of chapter  6  
6. Identify factors associated with 
the variation in patterns and level 
of PA, as a basis for examining 
how the nutrition transition 
process is similar or different 
across the sites. 
Individual PA, SES individual and HH 
data: (Association between income 
indicators and determinants of NT bet. 
sites, employment and wealth. 
Regression analysis 
results:                              
Part of chapter 7 
PART 3 
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adults 16-65 years of age. The study sample included purposively selected individuals and 
community representatives (elders or leaders). Purposive sampling was applied with the aim to 
incorporate demographical and economically diverse participants to enable identification of 
common dietary patterns. The research work was carried out in two phases: the first was the 
collection of qualitative diet-related information and second was the quantitative dietary data 
collection to observe common food intake and behaviours. This research work was supervised by 
my principal supervisor. I played a key role in the design of the study and led a team of four 
research officers who carried out fieldwork to develop the survey tool and aids as well as the dietary 
data collection. After the completion of the survey, I conducted the data processing and analysis 
once again with the supervision of my principal supervisor. Presented below is a brief outline of the 
study, with further details provided in Chapter 4.  
3.3.1 Phase 1: Background information on dietary patterns and practices, and establishment 
of dietary collection measures and aids 
The research was carried out from March–April 2011. The research team, which I led, documented 
food availability, meal composition, eating behaviours, and food preparation methods for each site. 
This information was compiled through participatory observations, and in-depth interviews. During 
the participatory observations research officers lived in the study villages and took part in 
household and community activities and used structured field diaries to record the above mentioned 
information. In-depth interviews were conducted with key stakeholders by the research officers. 
After the completion of data collection, the five research team members and I used thematical 
analysis to manually extract common themes from the qualitative dietary information.   
During the first phase of this research work, dietary data collection methods and survey aids 
were also developed. The 4-step 24-hour recall was determined to be the most appropriate measure 
to capture dietary information across the proposed study sites, given the study intended to estimate 
the dietary intakes at individual and population level across four study sites that had a history of 
differences in dietary patterns [139]. Two common alternatives for this type of population-based 
study would be weighed food records or food frequency questionnaires. The weighed food record is 
an ideal method for measuring intakes where the range of foods varies across the different 
population groups. However, the study did not have the capacity to perform weighed food records 
for the large study population. Food frequency questionnaires rely on using a fixed dietary profile 
across the entire study [131]. This was not considered appropriate for this context, where we 
expected the range of foods to vary across sites, and, potentially, over time for a longitudinal 
component planned for the overarching PNGIMR study.  
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After the collection of background dietary information, the identified dietary collection tool 
and survey aid were developed. The four-step 24-hour recall sheet (see Appendix 3) was modified 
to integrate the eating times at each of the sites. A serve index (see Appendix 4) and food atlas (see 
Appendix 5) were also developed as interview aids to minimise serve discrepancies and disparities 
in names for foods across study sites. An interview guide (see Appendix 6) was written to maintain 
uniformity of interview techniques across sites. I also trained the five research officers to conduct 
the 4-step 24-hour recall interview and to correctly and effectively use the interview aids. This 
preparation for dietary data collection was necessary to determine suitable data collection tools and 
processes and consistency across sites. Further details of methods briefly outlined in this section 
will be provided in Chapter 4.  
3.3.2 Phase 2: Verification of dietary collection measures and aids, and confirmation of the 
established background information on dietary patterns and practices 
This phase of the research took 12 weeks to complete (June–August 2011). I supervised the team of 
five research officers from the previous phase of the study and conducted the 24-hour recall dietary 
survey in the four sites. Once again the purposive sampling strategy was used, and a total of 2286 
adults were included in the study. During the survey the established 4-step 24-hour recall data 
collection sheet and process were trialled. The 24-hour recall data produced a rich description of 
dietary patterns and practices for the study sites. The process and the 24-hour recall quantitative 
dietary data were used to assess the dietary collection method and survey aids and confirm the 
initial qualitative dietary information. During the initial interviews in each site, I was also able to 
confirm the dietary survey aids, which included the 24-hour recall guide, serve index, and food 
atlas. Necessary amendments were made in consultation with local villagers of each site.  
 
3.4 Part Two: Development and Validation of Physical Activity Data Collection 
Instrument  
To achieve objective 2 of research question 1, the research undertaken aimed to develop and 
validate an objective method of PA data collection in the PNG settings. Since the existing 
international physical activity questionnaires were developed for use in industrialised countries and 
were not suitable for our study population which were largely rural populations. The study included 
two sites Hiri and Asaro, which accounted for differences in PA patterns between the coastal and 
highlands populations. It was carried out in two phases and participants in each phase were 
purposively selected individuals. This study was conducted to develop and validate PNG-PAQ for 
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use in the three survey study sites. The findings from phases 1 and 2 of this research work 
contribute to the results presented in Chapters 4 and 5 .  
 I collaborated with my secondary supervisor, Associate Professor Masahiro Umezaki, and 
his colleague Dr. Morita Ayako, from the University of Tokyo (members of the International 
Scientific Board that oversaw the PNG-NCDs Study mentioned earlier) to carry out this part of the 
study. The study design of the development and validation phase of PNG-PAQ was a collaborative 
effort by the three of us. I supervised all the fieldwork which I undertook with a team of three 
research officers. I worked with Dr. Ayako to finalise the data processing and I conducted the data 
analysis under the supervision of my principal and secondary and supervisors.    
 3.4.1 Development of PNG-PAQ 
This work was carried out from March–April 2012. The study involved a time allocation study that 
included identifying and defining levels of the intensity of common activities in a real-time setting. 
Individual tracing and the use of a uniaxial accelerometer sensor (AC) (Lifecorder EX, Suzuken Co. 
Ltd., Japan) enabled common activities and intensities to be included, and questions were 
established to develop the PNG-PAQ (see Appendix 7). The AC has been validated to measure 
physical activity effectively in free-living conditions [140]. 
 The research officers and I carried out the individual tracing whereby we set the 
accelerometer on the participant’s waist according to the manual as soon as they woke up and 
followed them until they completed the day’s activities. The participants were instructed not to take 
off the accelerometer unless they were going to sleep or engaging in water-related activities, such as 
showering. The individual tracing of each participant took an average of 10 hours. Individual 
tracing of 46 participants accumulated a total of 14194 recorded activity descriptions. The 
management and processing of this data to establish the common activity groups that were utilised 
to create the PNG-PAQ is described in section 5.4.3. The methods briefly presented here are 
described in more detail in Chapter 5 section 5.4.   
 
3.4.2 Validation of PNG-PAQ  
The Phase 2 research work to validate the PNG-PAQ was conducted in February 2013. Like the 
PNG-PAQ development study, it used purposive sampling to select adult participants, and once 
again, the community leaders assisted in the recruitment process. The study investigated the 
relationship between the PNG-PAQ and the accelerometer accounts of sedentary physical activity 
and MVPA. The uniaxial accelerometer sensor was used to validate the PNG-PAQ, and the study 
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was carried out in a free-living setting. All necessary protocols, guidelines, and recording sheets 
were prepared and tested.  
In a study protocol instructions session, the research offiicers and I taught the participants 
how to wear the accelerometer correctly. Our team also collected the participants’ demographic 
information. For seven consecutive days, the participants wore the AC from the time they woke up 
to when they went to sleep. During the study, a relative was assigned as monitor to ensure that the 
participant continuously wore the device during the required hours, and research officers visited the 
participants twice a day. On day eight I administered the PNG-PAQ. Upon completion of data 
collection, I processed and analyse the PNG-PAQ and AC data under the supervision of our 
collaborators from the University of Tokyo. The relationship between the week’s PA of participants 
estimated by the PNG-PAQ and AC recorded week’s PA was used to validate the PNG-PAQ. 
Details of the processing and analysis of validation data is provided in Chapter 5.  
 
3.5 Part Three: The Population Survey  
This section provides an outline of the methods applied in the final population survey phase to 
address objectives in research questions 2 and 3. This component of the study contributes to 
Chapter 6, 7, and  8 of this thesis. As previously stated, this data collection (diet, physical activity, 
and food security) was undertaken as part of the PNG-NCDs study. My colleague Dr. Patricia 
Rarau, our immediate supervisors (Dr. Justin Pulford and Dr. Hebe Gouda) and I were involved in 
the study design and established collection tools and processes with guidance from the International 
Scientific Board. During the population survey Dr. Rarau and I trained and supervised the research 
team of seven officers. I was in charge of the dietary, PA, and food security aspects.  
3.5.1 Study Design  
This is a cross-sectional study carried out from March of 2012 to December 2014 [137] . The PNG 
NCDs study was undertaken in three iHDSS sites where routine surveillance was undertaken to 
maintain detailed demographic information of individuals and households, and additional 
socioeconomic and health data was collected [18, 137]. The PNG-NCD study involved completion 
of a standardised questionnaire based on the modified WHO STEPS NCD risk factor survey, which 
contained the PNG-PAQ and food insecurity questions (Appendix 8), a 24-hour dietary recall sheet, 
selected physical measurements, and a biological sample collection from randomly selected adults 
(aged 15–65) for each site. We extracted individual demographic data and household 
socioeconomic data from the iHDSS to contribute to the final study dataset. Further details of the 
study design are published by Rarau et al. [17].  
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3.5.2 Study sampling, selection, and sites  
The three iHDSS sites included: the Asaro Valley iHDSS (Eastern Highlands Province); the Karkar 
Island iHDSS (Madang Province) located in non-project impact comparison sites and West Hiri 
iHDSS (Central Province); located in a PNG LNG project impact site [16, 17]. Participants from 
each iHDSS site were stratified by sex and age (15–29, 30–44, 45–65 years) and a total of 300 were 
sampled [17, 137]. Participants were then selected using a simple random sampling technique. The 
sampling framework was based on the updated full population census of the general adult 
population of each iHDSS that was then stratified according to sex and age [17, 137]. The 
participant inclusion criteria were: living in one of the three iHDSS sites, being aged 15–64, and 
having consented to participate in the study. People with mental illness and pregnant women were 
excluded from the study. 
 
3.5.3 Procedures  
Participants were interviewed in their houses or in health facilities. The study objectives were 
explained to the participants and written consent was obtained before they were enlisted to 
participate. The survey questionnaire including the PNG-PAQ food security questions, and attached 
4-step 24-hour recall sheet were completed. All the data was collected between April 2013 and 
October 2014. The study was granted ethical approval by the PNG Medical Research Advisory 
Committee (MRAC No.12.34; 19 November 2012). Further details of the procedures are outlined 
elsewhere [17].  
 
3.5.4  Methods of data collection 
• The 4-step 24-hour recall was interview-administered, using the protocols and instruments 
developed in the earlier study. I carried out routine field supervision of the research officers who 
completed the questionnaire, capturing the 24-hour dietary recall and all of the physical 
measurements. The method collected quantitative information on all food and beverages 
consumed by adult participants, including food eaten away from home on the day before the 
survey.   
• The PNG-PAQ was administered by interview. In the questionnaire, we asked the participants 
to report the number of days and time they had spent on each of the 24 activity groups in the last 
seven days. Activities were limited to those that continued for 10 minutes or longer.   
• Food insecurity was assessed using the three questions adapted from the New Zealand NNS97, 
as part of the main PNG-NCD questionnaire. The questions are discussed further in Chapter 8.   
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• Anthropometric measures were also included as they assess some possible outcomes of the 
nutrition transition and food insecurity. Weight, height, mid-upper arm circumference, and waist 
and hip circumferences were included and measured by standard methods [17]. 
 
3.6 Data Management and Analysis  
I carried out most of the management and all analysis, which will be discussed according to each 
part of the research work. Figure 14 shows the outline of the studies and type of data from each 
component of the research. Details of the handling and analysis of data within each section of the 
research is outlined below, with more detail provided in the relevant chapters that follow.  
 
Figure 14. Establishment of research data 
 
 
 
3.6.1 Part 1: Processes for managing and analysing qualitative and quantitative dietary data 
In Part 1 of the research, the dietary qualitative data of each study site was systematically discussed 
with the field research officers familiar with the local settings and context, and we used a process of 
thematical analysis to extract common themes for each site that included, meal times, serving sizes, 
Qualitative dietary 
background data 
Quantitative dietary data Validation of PNG-PAQ 
Development PNG-PAQ 
Partnership in Health Research Project 
PART 3: PNG NCD Study  
1. NCD Questionnaire (PNG-PAQ, Food security 
questions) 
2. Four step 24-hour recall  
Diet data 
24-hour recall 
PA data 
PNG-PAQ 
SES data  Food insecurity 
data 
Nutrition transition component  
PART 1 PART 2 
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meal context, seasonal food, festive food, fast food, and food supply (these are presented in Chapter 
4). The 24-hour recall data provided further quantitative dietary information. The participants’ 24-
hour recall records were entered into an Excel spreadsheet and exported into Stata (Version 13.1, 
StataCorp, College Station, Texas) program. Data cleaning focussed on consistency in food coding. 
The analysis concentrated on foods consumed in the household, was limited to adults, and aimed to 
identify common consumption patterns (such as proportions of common food consumed). 
Differences across categorical variables were tested using chi-square statistics and the Kruskal-
Wallis test for continous variables. To allow for variations in population sample proportion across 
study sites, analyses were undertaken by sites.  
3.6.2 Part 2: Processes, data management, and analysis of PA data and the PNG-PAQ 
Part 2 of the research involved PA data collected in development and validation of the PNG-PAQ. 
In the development phase, the 14,194 records of activity descriptions from the individual tracing 
described in section 3.3.1 were grouped into 40 activity classifications. The Stata Statistical 
software package (Version 13.1, StataCorp, College Station, Texas) was used for the statistical 
analysis.  The analysis included descriptive statistics of frequencies of each activity, and the 
absolute and relative values of the intensity distribution. Through this process, I was able to 
summarise the commom PA descriptions and define their physical activity levels (PAL) in the study 
sites. Based on the activities’ intensity distribution (see Chapter 5) and contextual orientation, the 
final 46 activity classifications were further reclassified into 24 activity groups, and these formed 
the basis of the PNG-PAQ (see Appendix 7). Activity groups categorised five domains: (1) paid 
work/school, (2) subsistence farming, (3) house chores, (4) transport and (5) leisure-related 
activities and sports. 
 In the validation phase of PNG-PAQ, the questionnaire and accelerometer data were 
matched for each paticipant and this process was guided by Dr Ayako. First, the time spent on 
sedentary activities and that on moderate/vigorous PA collected by the PNG-PAQ were calculated 
based on the distribution of physical activity intensity (0–9) for each of the 44 activities (see 
Chapter 5). Then the time recorded on the accelerometer spent on the activities was determined for 
each participant. Finally the correlation between the PNGPAQ calculated and accelerometer 
recorded time was calculated. I conducted the final analysis under the supervision of my secondary 
supervisor from the University of Tokyo. The participants’ PNG-PAQ estimated time spent on 
sedentary and moderate/vigorous physical activity was then correlated with time spent on sedentary 
and moderate/vigorous physical activity estimated by an AC. Participant with AC records of less 
than 8 hours or more than 24 hours and readings with no records for more than an hour were 
excluded. Stata (Version 13.1, StataCorp, College Station, Texas) was used for statistical analysis. 
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The differences in proportions and means were defined by p-values of chi-square tests and the 
Kruskal-Wallis test, respectively. Associations between the PNG-PAQ were estimated and the 
accelerometer recorded time spent on sedentary physical activity; and that on MVPA was 
investigated by Spearman’s correlation coefficient. Bland-Altman plots were drawn to investigate 
systematic estimation bias.   
3.6.3 Part 3: Processing and analysis of main survey datasets – dietary, PA, food insecurity, 
socioeconomic data   
Part 3 of the research used data from the modified WHO STEPS NCD Risk Factor survey (PA, 
food insecurity anthropometric data, 24-hour recall completed the dietary) and from iHDSS 
household survey (demographic and SES).  
The 24-hour recall and SES data required considerable management and processing. The 
first stage of this was performed using FoodWorks 8 Professional. FoodWorks is nutrient analysis 
software that is applied across a wide range of settings and used by a range of users, including 
nutrition researchers. This software incorporates major food composition tables, including those of 
the South Pacific, which comprises most of PNG’s food. Food-coding documentation (see 
Appendix 9) was created to allow a systematic process to build the database which contains food 
from or substitutes within FoodWorks. This document provided a platform to monitor changes in 
terms of coding the substitutes over time. A total of 309 food items were coded, from which 291 
recipes were created. FoodWork software which contained South Pacific food composition tables 
and was used to manage the dietary data. Any foods that were not available within the FoodWorks 
databases were substituted with foods available based on similar nutrient information. The final 
dietary information from FoodWorks included: total energy intake kilocalories (kcal), 
macronutrients (g) (protein, total fat, and carbohydrate) and micronutrients (Vitamin A and Iron). 
Chapter 6 provides further details of the dietary data processing and analysis. 
The SES data was summarised by application of the Demographic and Health Surveys 
(DHS) wealth index calculation [141, 142]. The DHS wealth index is widely employed to assess 
societal well-being according to economic position of populations across LMICs and regarded as 
valuable due to issues of limited reliable data on income and expenditure [141, 143]. In this study, 
the method was considered appropriate given the study’s rural and peri-urban populations that 
indicate a major difficulty in collecting traditional wealth indicators [18, 144, 145]. For this study, 
the wealth index analysis incorporated the variables from the dwelling characteristics (building 
material type, ownership of household goods and animals), water, and sanitation (source drinking 
water and toilet facilities). Our calculation process followed the steps outlined by Rutstein [142]. 
First, descriptive analysis was carried out for the selected variables, and then indicator variables 
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were created from the SES household data. The indicator variables were then verified and variables 
were analysed using factor Analysis. The factor Analysis generated a household factor score which 
was assigned to each participant. Finally, the wealth quantiles were calculated by dividing the 
household factor scores into five equal parts that created the wealth quantiles variable. The first 
wealth quantile denotes lowest wealth, the second quantile is below average, the third quantile is 
average, the fourth quantile is above average, and the fifth quantile is the highest wealth score. 
Further details on the SES household data wealth analysis is provided in Chapter 6. 
Overall data analysis to address research question 2 (objectives 3, 4, and 5) used Stata 
(Version 13.1, StataCorp, College Station, Texas). Descriptive analysis of categorical and 
continuous variables was carried out. Differences in categorical variables among sites was tested by 
Chi-squared test and and the Kruskal-Wallis test was used for skewed distributions of continuous 
variables. The bivariate analysis examined relationships between diet variables and the explanatory 
variables (study sites, gender, age group, education, employment, wealth index, and modernisation 
score). Finally, the overall set of relationships was examined using sequential models in multiple 
linear regression analysis, to examine the site and SES effects while controlling for demographic 
factors.  
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CHAPTER 4 Results: Nutrition Transition and Dietary Patterns and 
Practices across Four Populations in Papua New Guinea  
 
 
4.1 Chapter Summary  
This chapter addresses objective 1 of research question 1 and is a manuscript submitted for 
publication. It provides a description of dietary patterns and practices in four study sites. The 
chapter also provides details on the development of dietary data collection survey aids and 
establishment of data collection processes. The results include qualitative dietary information and 
24-hour recall dietary data.  Findings of this study are compared to previously reported dietary 
information to examine possible shifts in the dietary patterns and practices in relation to nutrition 
transition across the study sites.  
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Abstract  
Non-communicable diseases are rapidly increasing in Pacific Island Countries and Territories, 
consistent with the vast literature showing a nutrition transition in the developing world. Dietary 
changes across Papua New Guinea (PNG) are not well understood, and nor is the influence of the 
increased cash economy. In a cross-sectional study conducted in urban and rural settings, including 
populations affected by a major development project, we examined dietary patterns and practices. 
Results showed evidence of widespread increases in fat/oil intakes through changes in cooking 
methods. Urban and project-impacted populations showed increased intakes of fast foods and store-
bought snacks. Influences on the nutrition transition and change patterns differ across PNG 
populations.  
 
KEYWORDS: Papua New Guinea, diet, nutrition transition, eating behaviour 
 
 
4.3  Introduction  
Like many low- and middle-income countries (LMICs), Papua New Guinea (PNG) is undergoing 
shifts from traditional diets to modern dietary patterns as the country experiences growth in the cash 
economy from resource extraction and plantation industries [28, 79, 86]. Popkin and others describe 
the transition of traditional dietary patterns in the context of nutrition transition, as a gradual shift 
from low energy diets rich in complex carbohydrates, fruits, and vegetables towards energy-dense 
diets, high in fat and sugar [19, 124]. These dietary changes are associated with important risk 
factors for non-communicable diseases (NCDs) [2, 72, 87, 146, 147]. The 2017 Global Burden of 
Diseases Report announced ischemic heart disease as the leading cause of death in PNG from 2005–
2016, followed by cerebrovascular disease and chronic obstructive pulmonary disease (COPD) 
[135]. This shows that NCDs are on the rise in PNG, contributing to a double burden of malnutrition 
and obesity related diseases as the country continues to face a high burden of infectious diseases.   
In LMICs, the shifts in dietary patterns are generally defined by the changes in diet structure 
showing an increased proportion of energy intake from animal fat, vegetable oils, and refined sugar. 
Drewnowski argues that consumption of fat and sugar within LMICs and among disadvantaged 
populations in high-income countries has undergone a sharp rise as a result of increased availability 
of cheap energy-dense foods high in fat and sugar brought about by globalisation [21, 28]. The 
situation in many Pacific Island Countries (PICs) supports this with accelerating shifts from 
traditional diets towards energy-dense diets, seemingly predisposed by trade liberation along with 
urbanisation causing dependence on processed foods (which are commonly imported) [2, 48, 54, 67, 
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69, 75]. PNG has broadly followed this pattern as consumption of processed food has increased in 
parallel with general economic development [83, 87, 90, 148, 149].  
Consumption of these store-bought foods has increased in both urban and rural populations 
since the 1970s [88, 93, 150]. In this study the term “processed foods” refers to store-bought 
products in PNG which consist of refined cereals, tinned food, and sweetened beverages.  In 1975, 
Harvey et al. reported that store-bought foods made up 23% of food consumed by a rural population 
in Simbu Province [88]. Nutrition surveys conducted in the 1980s in rural and remote isolated areas 
detailed increased proportions of energy and protein intake from store-bought foods, and this 
contributed to the improved intake to achieve recommended levels of energy and protein [151]. By 
the early 1990s, nutrition studies documented further increases in consumption of store-bought 
foods, particularly in highly refined cereals, food high in fat, cheap vegetable oil, and sugar intake 
from sweetened beverages [119, 149, 152, 153]. Unlike the nutritional benefits of store-bought food 
in the 1980s, the later increases were associated with the occurrence of NCD risk factors including 
obesity, high blood pressure,and increased serum cholesterol [90, 154, 155].  
The extent of dietary changes at the community level and the diversity of this across the rural 
and urban populations of PNG is less well understood, though expected to be associated with 
income and levels of exposure to urbanisation as reported in other LMICs [87, 119, 155]. In 1989, 
Ulijaszek and colleagues observed mine workers in Ok Tedi and reported a high intake of store-
bought foods amont these income-earners compared to non-workers [156]. In contrast, a recent 
study of urban migrants from Bougainville in Port Moresby, the coutry’s capital city, showed that 
higher income households were more likely to have a garden-based diet than those with lower 
incomes [157]. Therefore, this suggests that dietary changes across PNG populations are not 
evolving uniformly with economic prospects in terms of income and urbanisation, but at least in 
some populations are also influenced by other things such as cultural and environmental factors.  
Our current understanding of the nutrition transition underway across PNG populations is 
limited, particularly in vulnerable populations experiencing rapid economic transformation and 
urbanisation. Population studies are required to explore and understand the types of shifts in dietary 
patterns and their causes across PNG populations, to guide development of effective health policy 
and programs to control and prevent NCDs. The research reported here aimed to examine dietary 
patterns and practices at the household level across four population groups undergoing different 
social and economic changes in order to provide insight into the nutrition transition in PNG.  
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4.4 Methods 
4.4.1 Study locations and populations 
This study was conducted under the larger PNG Institute of Medical Research project that oversees 
four integrated Health and Demographic Surveillance (iHDSS) sites in PNG[137]. Study sites 
included Hiri and Karkar sites from the coastal region and Hides/Komo and Asaro sites in the 
country’s Highlands region (see Figure 1).  
Hiri is situated along the Papuan coast, on the outskirts of Port Moresby and hosted the PNG 
LNG refining facility. This coastal iHDSS site consisted of peri-urban villages. The economic 
prospects were similar to those experienced in the Hides/Komo area, but, unlike that of their 
counterparts, changes to the Hiri lifestyle had previously been influenced and shaped by the growth 
and expansion of Port Moresby. The second coastal site, Karkar, is an island off the coast of 
Madang town, the population is regarded as rural, whereby most people live a subsistence lifestyle.  
Hides/Komo and Asaro share some cultural similarities, with a major difference being that 
the former is a PNG LNG project impact site situated in a remote region in the highlands. Asaro, on 
the other hand, is classified as a rural site with moderate exposure to steady urban growth as the 
villages are an hour’s drive from Goroka, the main town of the province. Money from royalties and 
employment opportunities were sources of income for those engaged by the PNG LNG project, 
while others in these sites lived the average lifestyle of neighbouring communities. The four sites 
provided this study with a fair representation of the Highlands and Coastal regions, as well as rural 
and urban population groups.  
4.4.2 Data collection 
The study was conducted from 2011 to 2012 in two phases. In the first phase, the study developed 
community networks with key stakeholders and gathered background information on dietary 
patterns and practices. During Phase 1, the research team also underwent training for the intended 
dietary data collection tools (including the 24-hour recall), and the tools were trialled as described 
below. In Phase 2, a baseline 24-hour recall survey was conducted for each site.  
4.4.2.1 Phase 1 
The study established a community network that included village elders and community leaders as 
stakeholders. A total of 27 villages were selected across the four sites: eight villages in 
Hides/Komo, seven in Asaro, all four villages in Hiri, and eight villages in Karkar. These villages 
were selected based on their proximity to the nearest urban township, religion and socioeconomic 
levels. Purposive sampling was carried out to select households and individuals to take part in the 
study, with the aim to include a demographically and economically diverse sample. With the aim 
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for this phase being to collect background information on nutrition that included the range of 
dietary patterns and practices, identifying the diversity and common themes in patterns and 
practices was more important than statistical representation. Field participatory observations and in-
depth interviews were carried out to gather background information on nutrition for each site.   
During participatory observations, the research team took part in household activities such 
as organising food for consumption, and preparing and eating meals, and they also participated in 
food ceremonies to observe eating behaviours. The research team did not influence the household 
activities but followed the lead of household members. Structured field diaries were used to record 
information throughout the participatory observations. The participatory observation information 
was verified through in-depth interviews conducted with an interview guide. Three in-depth 
interviews were conducted in each selected village whereby the participants were once again 
purposively selected to have an equal distribution of male, female, housewife, head of households. 
This also included key informants within each site which comprised of eight village elders and 
church leaders, twelve representatives of various community-based groups (e.g., youth, men, and 
mothers), five elite villagers, and ten local level government members. The interviews were carried 
out by the research officers and I which took approximately 1-1.5 hours. Were visited the selected 
participants at their houses and explained the study and once the consent was obtained the interview 
was undertaken  completed. was explained and when tothem and consent was obtained The 
participants were asked about food availability, the composition of meals, eating behaviours, and 
food preparation methods. The team extracted common themes from the accumulated information.   
During this phase, the research team leader established the 24-hour recall interview and food 
coding protocols. This was followed by training of the research team to adhere to the protocols and 
acquire essential 24-hour recall interviewing techniques that involved probing to assist participants’ 
recall and methods to estimate quantity without influencing the process of obtaining the 
information. The 24-hour recall method that utilised a 4-stage multiple pass interviewing technique 
was identified as an appropriate method for dietary data collection (see Supplementary Table 1 for 
an overview). This method is widely used in developing countries, and a single 24-hour recall on a 
sample representative of the study population and all days of the week is suitable for estimating the 
mean intake for groups [139], consistent with establishing group-level consumption patterns and 
practices for each site. Furthermore, supplementary questions were included and asked at the end of 
24-hour recall interview to capture foods eaten during typical days, ceremonies, and seasons.    
Several interview aids were developed to support consistency in data collection. The 
interview guide supported interviewing consistency across the study sites, while a serve index and 
food photo atlas were to overcome discrepancies regarding serve sizes and disparities in food names 
across the sites. The serve index was based on the participatory observations in households and 
 50 
 
consisted of 223 common food items with edible and cooked weights estimated to the nearest gram. 
For processed packaged food items the quantity from package labels was recorded. The food photo 
atlas consisted of a photograph of each food item and the actual illustration of a serve.  
The field testing of the 4-stage multiple pass 24-hour interviewing method suggested some 
modifications. Additional questions included (1) the context of food consumption, (2) brief 
descriptions of the method of preparation and (3) particulars of food portions. The team leaders and 
the research team finalised the 24-hour recall sheet and interview processes through these trials.  
4.4.2.2 Phase 2 
Data collection in Phase 2 began in October 2011 through to January 2012 with a maximum of 
three weeks in each study site. The research team conducted the 4-stage multiple pass 24-hour recall 
interviews during the three consecutive weeks aided by village assistants. The village selection 
process in Phase 2 was similar to that  of Phase 1, using purposive sampling to select households 
and participants to reflect a demographically and economically diverse sample in each site. In PNG 
levels of socioeconomic status can be distinguished by material wealth in terms of building material 
of houses, personal possessions such as radio and furniture, number and types of gardens, and some 
form of regular income. Classification of this kind is common in rural and peri-urban settings in 
developing countries [157, 158]. The 24-hour recall interview was conducted amongst household 
adult participants (15–64 years) as a face-to-face interview by trained research team aided by 
village assistants. The interview took 25 to30 minutes to complete.  
4.4.3 Data management and statistical analysis 
Phase 1’s qualitative data comprised of material from participatory observations recorded in field 
diaries, and in-depth interviews. The research team systematically discussed each site’s data and 
extracted information on the main themes (meal times, serving sizes, meal context, seasonal food, 
festive food, fast food, and food supply) related to characteristics of dietary patterns. The process 
involved the research team reading through the field diary notes and in-depth interview transcripts 
for familiarisation and coding to generate the main themes. The themes were then reviewed by the 
research team and verified by the key stakeholders from study communties. Final discussion among 
team members defined and named the themes. The Phase 2 quantitative 24-hour recall data was 
entered into an Excel spreadsheet (Microsoft, 2016) and processed using statistical program Stata 
(Version 13.1, StataCorp, College Station, Texas). The Excel spread sheet contained individual 
participant’s reported intake of common foods (which was defined by reported by more than 15). 
Analysis in this phase was limited to adults to concentrate on household-level dietary information 
and focussed on descriptive analysis of intake of common foods. Due to the variation in sample 
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proportions for each study site all analyses were undertaken by site. There was no analysis of 
consumption frequency and at nutrient level at this stage.  
Before the survey the research team provided information about the study to recruited 
individuals and obtained verbal consent. This study was granted ethical clearance by the Medical 
Research Advisory Committee of Papua New Guinea (MRAC No.12.34) and the PNG Institute of 
Medical Research Institutional Review Board (IRB No. 1208).  
 
4.5 Results 
4.5.1 Phase 1 results  
For Phase 1, a total of 220 households and 448 individuals were interviewed across the four study 
sites. In terms of level of education, 70–80% of adults in Karkar, Hides/Komo and Asaro had little 
or no formal education (not completed primary schooling) while Hiri reported only 40%. Most of 
the populations engaged in subsistence farming, with Karkar and Asaro sites reporting 70% and 
80% household respectively, while the PNG LNG project impacted sites were 10–20% lower but 
with 10% more people in paid employment.    
The participatory observations and in-depth interviews provided a general dietary 
description for the study and provided a basis for defining important concepts. 
• A typical meal was defined as a combination of common foods, usually consumed twice a 
day, where the meal included three or more cooked food items.  
• Meal times were when three or more food items were consumed; this led to creation of the 
five-time intervals used for the 24-hour recall.  
• Fast foods were defined as fried foods ready for consumption that were sold in food outlets 
or the market, for example fried flour, fried chicken and chips.  
• Snacks were said to be foods consumed between meals, usually in smaller quantities, which 
included crackers, sweet biscuits and scones.  
Furthermore, descriptions of some common flour-based foods were included to allow distinction 
between the items.  
• Breads were usually store-bought and contained basic ingredients of flour, yeast, sugar, and 
butter.   
• Scones were round-shaped made from self-rising flour, butter, milk, and sugar with a 
biscuit-like texture (but soft inside); they were usually store-bought or homemade.  
• Biscuits referred to packaged savoury flavoured or plain hard crackers.  
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• Baked and fried flour were homemade, had plain flour, sugar, and salt to taste, and the 
baked flour was cooked over the fire in a baking pan, while the fried flour was fried with oil. 
 
Table 2 presents the major meal and eating patterns for each site based on participatory 
observations and in-depth interviews in Phase 1. Patterns were broadly similar in the two Highland 
sites Hides/Komo  and Asaro, and more diverse in the coastal sites. In the Highlands sites, there was 
a single main meal in the afternoon, comprised mostly of sweet potatoes and green leafy vegetables, 
typically boiled in water with added vegetable oil; snacking from early in the day was common. 
Karkar participants reported two main meals, with the staple food being more diverse, including a 
combination of sweet potatoes, bananas, and rice. Fresh or tinned fish was also common. In 
contrast, the Hiri participants reported three main meals, with a typical meal including rice, bread, 
or baked flour and tinned fish with a few root vegetables and cabbages. Most of these foods were 
store-bought. In regards to food preparation method, while boiling was reported as a popular 
method for all sites there were differences in the liquids used. Water was used in Hiri, coconut milk 
in Karkar, and water plus oil in the Highland sites. Apart from boiling, in Hiri frying was the other 
commonly used method of cooking, while in the Karkar, Asaro, and Komo/Hides sites, roasting 
food over the open fire was common.  Participants in all sites confirmed that ceremonial and 
seasonal food played a major role in food intake. The main seasonal foods also varied across sites. 
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Table 2. Description of major aspects of dietary patterns from the Phase 1 key informants and survey participants. 
Items  
Location  
Hiri  Karkar Komo/Hides Asaro 
Typical Meal  
[Typical meal:  Usual 
combination of food 
prepared for a meal 
consumed 5-6 times a 
week] 
 
 
1. Bread/baked flour and butter, 
and tea with sugar                                                        
2. Rice and tinned fish or fried 
fish                           
 
 
1. Sweet potatoes and bananas 
or rice and fish                        
2.  Sweet potatoes and bananas 
or rice and green leafy 
vegetables, sometimes with 
tinned fish 
 
1. Sweet potatoes and green 
leafy vegetables boiled in 
water and vegetable oil 
 
1. Sweet potatoes and green 
leafy vegetables boiled in 
water and vegetable oil 
Food Preparation methods  
1. Fried  
2. Boiled in water                                                                    
 
1. Boiled in coconut milk   
2. Roasted
 
 
1. Boiled in water and 
vegetable oil 
2.  Roasted 
3.  Steamed  
1. Boiled in water and 
vegetable oil  
2. Roasted  
3. Steamed 
Main Meal Times  
 
[Main Meal: A meal 
composed of food from the 
3 major groups of food 
(staple food, vegetables & 
protein food)] 
 
1st meal:   07:00am–08:00am  
2nd meal: 12:00am–01:00pm 
3rd meal:  06:30pm–08:00pm 
1st meal: 11:00am–01:00am         
2nd meal: 07:00pm–08:00pm  
1st meal: 2:00pm–05:00pm   1st meal: 2:00pm–05:00pm   
Fast Food 
[Intake of fast food/wk. in 
each site] 
Intake - 3 times/wk. 
Types of fast food: 
1. Fried potato wedges  
2. Fried fish coated in thick 
flour batter 
3. Fried sausages 
4. Fried chicken 
5. Fried flour 
Intake: 1 time/4wk. 
Types of fast food: 
1. Fried flour 
Intake: 3 times/wk. 
Types of fast food:  
1. Fried chicken 
2. Fried flour 
Intake: 1 time/4wk.  
Types of fast food:  
1. Fried potatoes 
2. Fried fish coated in thick 
flour batter 
3. Fried sausages 
4. Fried chicken 
5. Fried flour 
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Snacking 
With 3 meals/day snacking is 
not common. However when a 
meal is skipped, then people 
tend to snack.                                                     
 
Snacking times;                                           
09:00am-11:00am                                    
02:00pm-05:00pm      
 
 
Types of snacks;                                 
1. Ice-blocks made from cordial    
2. Tea                                                  
3. Biscuits 
4. Bread                                                
Early start of the day due to 
gardening and cash cropping 
activities, people often snack 
between their two meals.           
 
Snacking time;                                
08:00am -10:00am                                
03:00pm-05:00pm                              
09:00pm-12:00pm                       
 
Types of snacks;                                  
1. Mature coconut                              
2. Immature coconut                        
3. Ripe banana                                     
4. Roasted cooking banana               
5. Cassava                                             
6. Wild fruits                                        
7. Tea with sugar 
Day's activities begin at five. 
People begin snacking right 
after they wake up.                                                  
 
 
Snacking times;                                 
05:00am -12:00am                                
07:00pm-12:00pm      
 
 
Types of snacks;                                       
1. Roasted sweet potatoes                            
2. Ripe bananas                                           
3. Sugarcane                                                   
4. Fried flour                                                 
5. Biscuits    
6. Sweetened beverages                                                              
The day’s activity begins at 5 
am, which is when snaking 
starts.
 
 
Snacking times;                                 
05:00am -12:00am                                
07:00pm-12:00pm                                                                     
 
 
Types of snacks;                                       
1. Roasted sweet potatoes             
2. Ripe bananas                                           
3. Sugarcane                                                   
4. Fried flour                                                 
5. Biscuits 
Ceremonial food 
[Consumption of protein is 
usually higher during feasts 
due more protein in dishes 
prepared during 
ceremonies]   
Frequency: 1 time/4weeks                                    
Types of protein rich food 
available:  
1. Chicken 
2. Sausages 
3. Fish 
4. Pig meat  
Frequency: 1 time/8weeks                       
Types of protein rich food 
available: 
1. Fish  
2. Pig meat  
Frequency: 1 time/4weeks                
Types of protein rich food 
available: 
1. Chicken 
2. Lamb flaps 
3. Goat 
4. Pig meat  
Frequency: 1 time/8weeks                             
Types of protein rich food 
available: 
1. Chicken 
2. Lamb flaps 
3. Pig meat  
Seasonal food 
Food items and months 
available:   
1. Mangoes (Nov–Feb) 
2. Wallaby (Nov–Jan) 
3. Swamp fish (Nov–Jan)  
Food items and months 
available:  
1. Mangoes (Nov–Feb)                               
2. Breadfruit (Nov–Jan)                           
3. Galip nut (Jan–Apr)  
Food items and months 
available:  
1. Pandanus Fruit  
(Nov–Jan) 
2. Pandanus nut (Mar–Jul)                        
Food items and months 
available:     
1. Rice tinned fish, lamb 
flaps (May–July: coffee 
season)     
2. Pandanus marita  
(Nov–Jan) 
3.  Pandanus nut  
(Mar–Jul)                          
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4.5.2 Phase 2 results 
A total of 2286 adults participated in the Phase 2 survey. The sample demographic information 
presented in Table 3 was also consistent with the 2014 iHDSS demographic profile. The proportion 
of the total population of each site that participated differed, with Hiri at 13%, Karkar 3%, 
Hides/Komo 8%, and Asaro 5%. Despite the differences, the gender balance and mean age in years 
was similar across the sites, indicating appropriate representation.  
 
Table 3.  Characteristics of Phase 2 participants by site. 
  Hiri Karkar Komo/Hides Asaro Total  
  n=930 n=369 n=674 n=313 N=2286 
Age Mean (SD) 33.9 (15.0) 35.2(16.4) 34.1(14.5) 37.6(16.1) 34.7(15.3) 
Age group n (%)      
15-34 533 (57) 196 (53) 388 (58) 142(45) 1259 (55) 
35-54 299 (32) 123 (33) 218 (32) 120(38) 760 (33) 
55+ 98 (11) 50 (14) 68 (10) 51(16) 267 (12) 
Sex n (%)      
Male  419 (45) 150 (41) 339 (50) 162 (52) 1070 (47) 
Female  511 (55) 219 (59) 335 (50) 151 (48) 1216 (53) 
 
 
In Phase 2, the study further examined the main elements of dietary patterns using the 24-hour 
recall. Table 4 presents food items for each location that were reported by 15 or more participants. 
This supports the broad patterns described in Table 2 but adds further detail on the specific food 
items. The list is also more extensive than identified in Phase 1, notably in the list of protein-rich 
foods, suggesting at least occasional addition of these to the core meal pattern. Hiri reported the 
most variety, particularly in the protein-rich and store-bought foods, though this may be partly due 
to the larger sample size.  
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Table 4. Foods consumed by at least 15 participants in Phase 2, by study site. 
 Hiri Karkar Komo/Hides Asaro 
Vegetables     
Banana x x x x 
Sweet potato  x  x  x  x  
Greens - English cabbage  x    
Greens -variety  x x x 
Bean  x x x 
Taro   x x x 
Corn  x x x 
Cassava x x  x 
Pumpkin   x x 
Potato x    
Yam x  x  
Fruit   x x x 
Ripe banana     
Pawpaw  x   
Apple x    
Pineapple   x  
Mango x    
Orange x    
Protein Rich     
Chicken x x x x 
Tinned fish in oil x x x x 
Pork x x x x 
Tinned meat x x x  
Egg x  x  
Fresh fish x x    
Lamb x   x 
Beef x    
Chicken stew x     
Crab x    
Sausage x    
Wallaby  x    
Cereal products     
Biscuits x x x x 
Noodles x x x x 
Rice x x x x 
Baked flour x x   
Bread x    
Flour dumpling x    
Drinks/Sweets     
Coffee x x x x 
Tea x x x x 
Soft drink x  x  
Ice-block    x  
Twisties   x  
Coconut milk  x   
Cordial x    
Juice boxes x    
Cake x    
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Ice-cream x    
Milk x    
Milo x    
Fast food     
Fried flour x x x x 
Chips x    
Fried rice x    
Scallops    x 
Others     
Coconut cream x x x x 
Oil x x x x 
Maggie cube   x x 
Pandanus nut   x x 
Sugar cane   x x 
Sago x  x  
Mature coconut  x   
Bread fruit  x    
Pandanus Fruit   x  
Onion x    
Baked bean x    
Butter x    
Garlic x    
Peanut butter  x    
Fish soup x    
Vegemite x    
Note: Reported consumption by at least 15 people was used to indicate that the food 
was commonly consumed.  
 
To better understand variation across sites in the main foods comprising typical meals, food 
items reported by more than 20% of the overall sample in Phase 2 were identified, and the 
proportion reporting them in the previous 24-hour recall was estimated for each site (Figure 15). 
Again, this confirmed the broad patterns described above, with sweet potato consumed by most 
participants in Hides/Komo and Asaro. But it also shows that banana, rice, and flour/biscuit were 
each also consumed by 15–30% of these participants. Similarly, while bananas were consumed by 
more than two-thirds of the participants in Karkar, half of the participants also reported consuming 
sweet potato and more than a quarter reported consuming rice. Fish and tinned fish were the only 
protein-rich foods reported by more than 20% of the overall sample. Rice and tinned fish were 
consumed in all sites but was highest in Hiri. Fresh fish was only common in the coastal sites.   
The use of cooking methods identified in Phase 1 was further considered in Phase 2 by 
quantifying the reported use of the methods, as presented in Figure16, and the results largely 
confirm the reports from Phase 1. Boiling was again the most common method of food preparation 
reported by more than 90% of participants across all sites, but as noted earlier the cooking liquid 
differed across sites. Frying was also commonly used food preparation method in Hiri, while it was 
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roasting in the Highland sites and Karkar. Baking was only common in Hiri, where participants 
reported consuming baked bread daily (Asaro 16%, Hides/Komo 20%, Karkar 10% vs Hiri 63%).  
To better understand these eating patterns, we looked at the numbers of food items reported 
as consumed in the 24-hour recalls during the time intervals described in Phase 1. Reported in 
Figure 17, most participants in each site consumed early evening meals (5:01pm–8:00pm)—
denoted  by three or more food items. An early morning meal (5:01am–10:00am) was common only 
in Hiri, but most participants in other sites consumed some food early in the morning (5:01am–
10:00am), with snacking most common – denoted by one to two food items. Overall, while the 
results show that meal patterns reported in Phase 1 are common, the results suggest that there is still 
considerable variability at the individual level. 
 
 
Figure 15. Proportion of Phase 2 participants that reported consumption of key components of 
typical meals, presented by site.  
 
 
 
Figure 16. Proportion of adults reported using specific methods for food preparation by site.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Imported and processed 
foods 
Traditional garden 
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foods 
Adapted 
methods 
Traditional methods 
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Figure 17. Proportion of participants reporting three or more and no food items per time segment 
from the 24-hour recall, by site. 
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Table 5. Economic information of regions and provinces of the study sites and site specific for years 1980, 2010, and 2014   
1980 Regional proportion of education level of non-migrant adults 
Indicators of economic 
development                            
Coastal Papua North coast Highlands 
(Hiri) (Karkar) (Komo/Hides & Asaro) 
Male Female Male Female Male Female 
Education (%)  
  
 
 
 
 Cannot read or write 43.5 51.6 61.4 96.2 84.6 96.2 
 Ever been to school 56.5 48.4 38.5 24.4 15.4 3.8 
  Completed Year 10 3.8 1.3 1.3 0.2 0.5 0.1 
1980 National census data - analysis adults 18 and over. (Skeldon 1979)  
  
2010 Provincial proportion of levels of education and employment of adults, and household economic makers                                                    
Indicators of economic 
development                            
Central Madang Hela 
Eastern 
Highlands 
  
(Hiri) (Karkar) (Komo/Hides)  (Asaro)     
Adult population studied n=149269 n=255881 n=169423 n=348500   
Education (%)           
 Cannot read or write 19.9 31.5 56.9 39.8   
 Ever been to school 66.4 57.2 31.5 49.2   
 Completed Year 10  23.9 16.7 24.2 21.8   
 With a qualification 6.5 4.2 3.2 3.3   
Employment rate (%)       
 Wage job 13.8 9.2 6.1 5.9   
 Subsistence famer 59.9 54.5 70.1 50.9   
Households  n=40112 n=83238 n=64.375 n=132192   
Engaged in selling (%)        
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 Food crops & cooked food 38.1 57.4 73.2 73.3   
 Betel nut 55.7 70.5 17.2 32.3   
Housing Character (Regional)        
 Traditional  45.1 79.2 76.1 76.1   
  Permanent  18.2 10.3 9.1 9.1    
2010 National census data - reporting analysis of adult age 18 and over population and sample households. (PNG National 
Statistical Office 2011)  
 
 2014 PNG iHDSS education and employment information 
Indicators of economic 
development                            
Hiri Karkar Komo/Hides Asaro   
  
  n=7437 n=114112 n=8937 n=6450   
Education (%)       
 No Education  1.4 6.1 51.5 26.18   
 Completed Primary  8.6 9.8 2.2 2.66   
 Complete Secondary  10.9 2.2 1.4 1.53   
 Vocational 4.7 0.6 0.3 0.96   
 Tertiary  8.1 0.8 0.4 0.18   
Employment with PNG-LNG (%)       
 Yes 16.2 0.1 23.1 0.03   
 No 75.8 84.6 75.5 83.6   
Main Occupation       
 
Professional (e.g. teachers, 
doctors and nurses) 6.6 2.1 2.2 3.34   
 
Skilled (e.g. carpenters and 
mechanics) 4.9 1.6 4.8 0.97   
  
Unskilled (e.g. store keepers 
and plantation labourers)  25.2 1.7 17.7 2.51     
iHDSS census update - reporting analysis of  adults aged 15–65 years (PiH Project Report 2013) 
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4.6 Discussions and conclusion  
4.6.1 Study Context  
The invesgation of dietary patterns and practices across the study sites in this chapter utilises cross-
sectional dietary data and previous studies from PNG, the PICs and other developing countries to 
examine characteristics of the nutrition transition among populations in PNG. However, as the 
literature demonstrates that economic development influences dietary patterns, we will briefly 
consider changes in the socioeconomic situations in each of the study sites. Table 5 provides an 
indication of aspects of social and economic status and change based on regional and provincial 
information from 1980 to 2010 and on site-specific information from the iHDSS in 2013–14 [18, 
159, 160].  
In 1980 there was a marked difference across the sites in education outcomes, as illustrated 
by school attendance. The region including Hiri had the most favourable outcomes and those within 
the Highlands sites relatively most disadvantaged, with less than a fifth having ever been to school. 
The 2010 census data showed similar regional differences with those including Hiri and Karkar 
relatively better educated, but with improvements, particularly in the Highlands where a third to 
half of participants had been to school. Regional differences continued to be reflected in the 2014 
iHDSS data, with strongest education outcomes in Hiri and Karkar.   
Employment patterns and trajectories also differed across sites. Employment in a job with a 
wage was uncommon in 2010, ranging from 14% in Hiri, to 6% in Hides/Komo and Asaro. As 
noted earlier, the higher proportion with a wage job in Hiri is due to its proximity to Port Moresby. 
It is notable that a majority reported as subsistence farmers in 2010, highest in Hides/Komo, and 
that a large majority of households across all sites earned income through selling food and betel 
nuts, customarily in community markets and by the roadside. By 2014 the operations of PNG-LNG 
had had a marked impact on employment in the affected sites, with ~16% of adults in Hiri and 23% 
in Hides/Komo employed by the company. While this was clearly significant for the income and 
cash availability of employed households, it did not have a marked effect on the extent of 
subsistence farming reported, with >60% of adults still reporting “unemployed + subsistence” for 
each site.  
The above general comparisons of level of education and employment of the 1980s and the 
2000s show overall improvements in social and economic conditions, though with quite different 
trajectories across study areas. The operations of PNG-LNG have clearly had a significant effect on 
the economy of Hiri and Hides/Komo, though the data suggest that much of the subsistence lifestyle 
has been maintained, at least at the community level. Given this site-specific social and economic 
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background, we now consider aspects of the dietary patterns and practices in the four populations, 
with consideration of the nutrition transition underway in the sites.  
4.6.2 The contribution of traditional/garden staple foods to dietary patterns  
One of the important findings of this study was that traditional/garden staple foods have continued 
to be core components in diets for the rural populations of Hides/Komo, Asaro, and Karkar. In the 
Highlands sites (Hides/Komo and Asaro) sweet potato was the primary staple food, and 80-90% of 
participants reported consuming sweet potatoes in the previous 24 hours. Similar consumption 
patterns were noted by Grossman in 1975 among Kainantu villages which are culturally similar to 
Hides/Komo and Asaro, where he reported 89% of meals included sweet potatoes [118]. In Karkar, 
50% of participants reported consuming sweet potato and 70% bananas in the previous 24 hours. 
The reliance on these staples appears modestly reduced from Norgan’s findings of 1970 when 
traditional foods contributed to 80% of the total energy intake of Kaul people in Karkar [119], 
though the measures are not directly comparable. Comparison with the studies in the 1970s suggests 
that traditional/garden foods are still major components of diets in rural locations despite increased 
access and availability of store-bought foods. This indicates selective inclusion of store-bought 
foods in diets among rural populations rather than the store-bought foods significantly displacing 
the traditional staples. 
On the other hand, compared to the rural sites, Hiri participants had much lower reported 
consumption of sweet potato and banana, at 10% and 25%, respectively, with the food items only 
consumed in large quantities during cultural ceremonies. Findings from Hodge et al. in 1990 
reflected similar findings among the Wanigela people of the Central Province to that of the Hiri 
population. Hodge reported that sweet potato contributed 4% of total energy intake and banana 11% 
[91]. These findings and ours show that traditional/garden staple foods have not been core to the 
diets since the 1990s. 
Previous studies in PNG populations observed similar differences between rural and urban 
populations as seen across our sites [90, 93, 155]. The differences in importance of traditional 
garden food in rural populations and dominance of store-bought food in urban populations is most 
likely associated with economic development (that also brings about exposure to  urbanisation and 
modernisation). It important to note that while store-bought is emerging in diets across PNG, 
garden food continues to make-up most of diets in rural areas. The significant cultural value of 
traditional/garden food pointed out by Dennett and Connell in 1988 as underpinning the cultivation 
and consumption appears to be maintained [86].  
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4.6.3 The contribution of store-bought foods to dietary patterns    
Dietary patterns were further explored by investigating consumption of store-bought food items, 
represented by rice, flour, and tinned fish. Based on the proportion of individuals consuming these 
foods in the previous 24 hours, we found that store-bought foods were widely incorporated into 
diets across the sites but varied in their contribution to the diet.  
In Hides/Komo, rice was consumed by 28% of participants in the previous 24 hours, and 
tinned fish by 15%, while in Asaro it was 31% and 10%, respectively. In terms of change over time, 
describing diets in Kainantu in the early 1970s comparable to Hides/Komo and Asaro, Grossman 
reported that 19% of the participants consumed rice and tinned fish [118]. This suggests a modest 
increase particularly in rice intake over this period. However it is interesting to note that there is 
little difference between Hides/Komo and Asaro even though they have very different rates of wage 
employment. Grossman found that in Kainantu that there was no direct relationship between income 
and store-purchased food and that these foods were substitutes and seasonal [118]. In Karkar, the 
proportion reporting consumption of rice and tinned fish (29% and 15%) was similar to the 
Highlands sites and appears to be consistent with the findings of Norgan et al. (1995) in the 1970s 
which reported that store-bought food contributed 21% of total energy intake.  
Rice and tinned fish consumption in Hiri was 20–40% higher than that of the other sites and 
more central to their diets. A study by Wyatt et al. in the 1980s that documented the diets of Koki 
people (comparable to Hiri) reported consumption of store-bought foods as common [161]. By the 
1990s, store-bought foods including rice, tinned fish, meat, and bread were a major dietary 
component for the Wanigela people [91]. Consequently, even though Hiri reported a high 
consumption of store-bought food compared to the other sites, a comparison with these studies 
suggests that the social and economic development over the last three decades has not led to a major 
shift in this aspect of their diets. 
It is important to note that the inclusion of rice across the sites confirms findings from 
Saweri which demonstrated an increasing trend in supply of rice from 1964 to 1998 which shows 
rice had become a vital component of diets in PNG by the 1990s [83]. The increasing trend in rice 
consumption in the country maybe one of the indication of changes in dietary patterns and hence, 
nutrition transition.  
These observations of the roles of traditional/garden foods versus store-bought foods are 
supported also by the meal patterns described in Table 1. In Hiri a typical meal was reported to 
consist largely of store-bought foods (rice, flour, tinned fish, sugar, and butter) and fresh fish. In 
Asaro, Karkar, and Hides/Komo, a typical meal was mostly traditional/garden foods (sweet 
potatoes, banana, green leafy vegetables) with occasional use of rice and tinned fish.  
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Considering now the use of other store-bought food items high in fat and sugar, a pattern 
emerges which suggests changes in other aspects of food selection has also been observed among 
populations in PNG. In 1980, in a population similar to Hiri, Wyatt described store-bought foods as 
common in Koki people’s diets but not necessarily consumed regularly, in contrast to those of Hiri 
in our study [161]. Similarly, in the Highlands and Karkar, previous studies [88, 118, 119] showed 
the contribution of cereal products (biscuits, instant noodles, and fried flour) was insignificant in 
diets. Our study has shown that in Hides/Komo, Asaro, and Karkar, consumption of fast food, such 
as fried flour and store-bought snacks, is now common, which is possibly associated with income 
and availability of these foods.   
4.6.4 The differences in other dietary practices across study sites  
Observations from this study may indicate adoption of practices in meal times and food preparation 
which reflect a nutrition transition. Observations of the single evening meal in the rural sites of 
Hides/Komo, Asaro, and Karkar are similar to descriptions by Oomen in 1971 whonotes that people 
in PNG have traditionally had one to two meals per day and that snacking has been common 
throughout the day [121]. In Hiri, people tend to have three meals per day, a pattern observed in 
Western populations. It was surprising not to observe regular snacking in Hiri’s urban population, 
since studies suggest that snacking habits are predominantly due to readily available packaged 
foods [162]. However, a 2013 study of Fijian adolescents found that eating regular meals minimises 
snacking [163]. Frying of food in oil was most common in Hiri with 46% reporting use. Oil was 
added to water when boiling food in the Highlands sites, and added to diets through consumption of 
fast foods. We are not aware that these uses of vegetable oil have previously been described in 
PNG. In a 1997 study, Drewnowski  showed that income was no longer directly linked to fat intake 
due the availability of cheap oil in low-income populations. Our observations suggest that this 
applies to diets in our study sites, with the differences between PNG-LNG and other sites related 
more to local food habits than economic circumstances. 
4.6.5 Implication of dietary changes and risks of NCDs 
Results from our study that shows an increase in store-bought food when compared to previous 
findings. The adoption of vegetable oil for food preparation appeared is a general trend, while 
consumption of fast foods and snacks high in sugar were more common in the peri-urban and 
project impacted sites. The use of vegetable oil and snacks high in sugar such sweetened beverages 
suggest a shift towards energy-dense foods as described for the nutrition transition and is likely to 
contribute to the increasing burden of NCDs, particularly diabetes and cardiovascular diseases 
(CVDs). Studies conducted previously in PNG have reported an association between foods high in 
 66 
 
fat/sugar and NCDs including as risk factors for obesity and hypertension [87, 90, 154]. The studies 
also noted that modernity was linked to diets high in fat and sugar and that urban populations were 
found to be susceptible to NCDs [87, 90, 154]. However, an increase in obesity and high blood 
pressure has also been observed in some rural populations [136] which shows that the burden of 
NCDs and associated risk factors varies across populations in PNG.  
Our study highlights important details in the way that traditional diets of PNG populations 
are being changed, helping to characterise the nutrition transition underway, showing that core 
aspects of traditional diets are being retained, and that there are important differences in the changes 
occurring across communities. Our findings are consistent with general trends reported in other 
PICs, as reflected by findings from a study by Dancause et al. in three populations in Vanuatu 
which showed increasing modernisation was associated with processed foods high in fat and sugar 
[79]. The incorporation of processed food into diets, especially in urban populations, has been 
associated with alarming increases in NCD risks in the PICs [76, 164].  The additional insight of 
changes in food preparation as an aspect of nutrition transition by our study shows the importance 
of considering the detail of the changes, and differences across communities, providing much need 
public health information for informing prevention measures. 
 We acknowledge some limitations in this research, particularly with the study design. The 
discussion of nutrition transition relies on cross-sectional dietary data to document current dietary 
patterns and practices, with reference to previous studies to explore the shift over time. This 
approach may indicate potential changes but because of differences in study population and 
methods over time does not provide evidence strong enough to quantify changes. Nonetheless, we 
contend that the approach provides a robust basis for considering qualitative changes over time and 
core aspects of nutrition transition. 
4.6.6 Conclusion  
Nutrition transition patterns differ across PNG populations. While traditional/garden staple foods 
continued to be core components in diets of the rural populations in this study, the most urbanised 
site showed extensive incorporation of store-bought foods in their diets. There was evidence of 
widespread increases in fat/oil intakes through changes in cooking methods, with cooking oil 
widely used but incorporated differently across sites. Urban and multi-million dollar project 
impacted populations had highest intakes of fast foods and store-bought snacks. The findings 
indicate that the urban populations and those experiencing increased cash income are most 
vulnerable to the effects of the nutrition transition. This study contributes to understandings of the 
potential negative effects of major development projects and provides much needed information 
towards development of NCD prevention strategies. The prevention action should incorporate 
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education and awareness of adverse effects of use of oil and sugar, benefits of traditional foods and 
cooking methods, and policies to support compliance with dietary recommendations. 
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CHAPTER 5  Results: Development and Validation of the Papua New Guinea 
Physical Activity Questionnaire 
 
5.1 Chapter Summary  
This chapter addresses objective 2 of the research question 1 and it is a manuscript submitted for 
publication. It presents the study design and processes applied to develop and validate the PNG-
PAQ. The research work is outlined according to the two phases (development and validation) of 
the study. Both phases used the AC to collect PA data. In the development phase, the PA levels of 
common activities were established to develop the PNG-PAQ and the validation phase investigated 
the relationship between the PNG-PAQ estimated PA and AC records of PA. This chapter considers 
the importance of developing the PNG-PAQ and discusses the questionnaire’s validity.  
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Abstract  
Background 
Physical inactivity is a well-documented independent risk factor for obesity and non-communicable 
diseases (NCDs) and for that reason population-based monitoring and evaluation of physical 
activity is important for public health prevention strategies of NCDs. Questionnaires are cost-
effective measures to gather essential population-based physical activity data. However, suitable 
physical activity measurement tools are limited for Papua New Guinea (PNG) where a majority of 
the population live in subsistence communities. Therefore, this study embarked on development and 
validation of the Papua New Guinea Physical Activity Questionnaire (PNG-PAQ).  
Method: Development of PNG-PAQ involved individual tracing of 46 healthy adult participants in 
two PNG communities. The particpants wore accelerometers for an average of 10 hours to establish 
common activities to construct the PNG-PAQ. The validation of the PNG-PAQ included 110 
participants who wore accelerometers for seven consecutive days and completed the PNG-PAQ 
seven-day recall on day eight. Results of  average time (minutes/day) spent on sedentary and 
moderate-to-vigorous physical activities (MVPA) recorded by the PNG-PAQ and the accelerometer 
were examined to validate the questionnaire.  
Results: A total of 44 activity classifications were derived from 14,554 activity descriptions (that 
were formulated from individual tracing of participants), which were categorised under five 
domains (cash earning/schooling, subsistence farming/cash cropping, home chores, transport, and 
leisure) to develop the 26-question PNG-PAQ. The intensity level of each defined activity, 
according to the accelerometer intensity categorisation in this study were not comparable to 
compendiums established in developed countries. Established categorisations for “light”, 
“moderate” and “vigorous” are not applicable in PNG. Validation of the PNG-PAQ reported a 
Spearman’s correlation coefficient of 0.5 (p=0.0001) and 0.2 (p=0.05) for MVPA and sedentary 
time (minutes/day), respectively, with the accelerometer.  
Conclusions: Time in MVPA estimated by the PNG-PAQ showed a positive moderate correlation 
to time estimated by accelerometer. PNG-PAQ may be a useful tool for monitoring MVPA levels in 
in subsistence and peri-urban communities within PNG.  
 
 
KEYWORDS: Papua New Guinea; physical activity; questionnaire; accelerometer; validation 
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5.3 Introduction  
Sedentary or inactive lifestyles are increasingly prevalent in South Pacific Island countries (SPICs), 
including Papua New Guinea (PNG), as they have urbanised due to economic development [125, 
139]. Such lifestyles have led to a rising prevalence of obesity and related non-communicable 
diseases (NCDs) [165, 166]. NCDs are now the third leading cause of mortality in PNG and incur 
substantial illness and increasing economic burden [52, 90, 91, 167, 168]. It is well known that 
insufficient physical activity is independently associated with the incidence of NCDs, whereby 
levels of moderate to vigorous activities most associated with NCD risk [60, 169]. However, this 
association is often overlooked in the SPICs where over-consumption of energy-dense foods, a risk 
factor of NCDs, has attracted greater research attention [126, 170-174].  One of the issues that  
hampers the evaluation of physical activity in the SPICs is the lack of appropriate physical activity 
questionnaires inclusive of the region's cultural and social context [175-177].  
The physical activity of individuals has been evaluated by using questionnaires or 
monitoring devices such as pedometers and accelerometers [132, 173, 174]. The questionnaire is the 
most suitable tool for population-based monitoring or for large-scale studies because it is quick, 
relatively inexpensive, and requires fewer human resources [178, 179]. One of the commonly used 
questionnaires is the International Physical Activity Questionnaire (IPAQ) [179]. The IPAQ has 
been widely used for the international comparison of habitual physical activity and has been 
translated and validated in 20 languages [172].  
The IPAQ incorporates questions about intensity, duration, and frequency of broad 
categories of physical activities [180, 181]. For example, the long version of the IPAQ evaluates 
duration and frequency of physical activity that continues for 10 minutes or longer in the domains 
of job-related, transportation, housework/house maintenance/caring for family, and 
recreation/sports/leisure-time categories with three intensity levels (i.e., vigorous, moderate, and 
light), and duration of walking [180, 182, 183]. Despite widespread use, it has been pointed out that 
the IPAQ might not necessarily be applicable to subsistence societies [176, 177, 183]. Some reasons 
for this include the difficulty in judgement and interpretation of the intensity level of physical 
activity (i.e., vigorous and moderate) due to differences in the environment and orientation of the 
activities in subsistence lifestyle contexts [177, 184]. In addition, subsistence farmers usually do not 
distinguish “recreation/sports/leisure” from their daily activities. [111, 159]. Hence, there is a need 
to develop a population-specific physical activity questionnaire that can be used in PNG and other 
SPICs where the majority of the population depend on subsistence farming, fishing, hunting, and 
informal marketing activities. 
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The aim of the study is to develop and validate the Papua New Guinea–Physical Activity 
Questionnaire (PNG-PAQ). In the development of phase we identified common activities observed 
in PNG communities and evaluated the intensity of each activity to construct the PNG-PAQ which 
was then validated against the accelerometer. Here we report these processes and the characteristics 
of physical activity patterns in PNG populations.  
 
5.4 Methods 
5.4.1 Study settings  
This study was conducted within the framework of the partnership in health (PiH) project led by the 
PNG Institute of Medical Research (PNGIMR) [17, 18]. The study was set in Asaro in Eastern 
Highlands Province and West Hiri in Central Province. These sites were selected by the principal 
investigators of the study to capture common physical activities across subsistance communities in 
both Highlands (Asaro) and Coastal (Hiri) regions that are increasingly influenced by urban 
lifestyle. The Asaro site was comprised of rural villages and a few peri-urban settlements with a 
population of approximately 10,000, while the West Hiri villages were mostly peri-urban with a 
population of 12,000. The majority of people in Asaro engage in subsistence agriculture, cash 
cropping, and small-scale marketing. In Hiri, however, there are a fair number of people engaged in 
paid employment, common small-scale marketing, and limited subsistence agricultural activities 
[16,18].  
5.4.2 Study Design 
Development of the PNG-PAQ started in March 2012 in Asaro and in April 2012 in Hiri, with 
validation in February 2013 in both sites. We conducted the time allocation study by individual 
tracing where participants simultaneously wore uniaxial accelerometers (Lifecorder EX, Suzuken 
Co. Ltd., Japan) [140]. We identified a list of common activities among the participants and later 
evaluated the mean physical activity intensity (PAI) for each. Total time spent doing light, 
moderate, and vigorous physical activity was calculated by time spent on each activity multiplied 
by corresponding PAI distribution of each activity. Based on the categorised list of common 
activities established during tracing, the PNG-PAQ was constructed to obtain frequency and 
duration for each of the common activities among the participants. For validation of the PNG-PAQ, 
an individual’s physical activity for a 7-day period was simultaneously estimated by the PNG-PAQ 
and the accelerometer (Lifecorder EX).  
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This study was granted ethical approval by the PNG Medical Research Advisory Committee (PNG - 
MRAC No.12.34) and PNG Institute of Medical Research Institutional Review Board (PNGIMR - 
IRB No. 1208). 
 
5.4.3 PNG-PAQ Development  
A total of 46 healthy adults between the age 16-65 years were purposively recruited to capture the 
range of common activities undertaken in the communities. Inclusion of 46 particpants was 
adequate to investage all common physical activities in the study communities. The study excluded 
all disabled and pregnant persons as well as children and the very old (> 65 years). A greater 
number of participants (n=32) were recruited in West Hiri than in Asaro because of the larger inter-
individual variation in physical activity patterns in West Hiri compared to Asaro, due to coexistence 
of rural and urban lifestyles.  
The fieldwork involved six trained research officers who traced participants from when 
they woke to conduct their daily activities to when they retired for the day. The participants were 
asked to wear the uniaxial accelerometer around their waist which recorded physical activity 
intensity on a 0-9 scale using count of 2 minutes-data collection interval. The participants were 
instructed not to take off the accelerometer unless they were going to sleep or engaging in water-
related activities such as showering. A participant’s tracing sheet was used by research officers to 
record descriptions of activities in two minute intervals. Individual tracing of each participant of a 
day covered an average of 10 hours. PAI recorded by the Lifecorder EX can be converted to 
metabolic equivalents (METs) on the basis of well-fitted regression equations outlined by 
Kumahara and collegues [140]. In this study, level of intensity was defined by accelerometer 
intensity as sedentary (0, 0.5), light (1, 2, 3), moderate (4, 5, 6) and vigorous (7, 8, 9). They 
correspond to METs scores of light (1.8, 2.3, 2.9), moderate (3.6, 4.3, 5.2) and vigorous (6.1, 7.1, 
>8.3) [140].   
Individual tracing of the 46 participants resulted in a total of 14,194 activity records.  The 
team leader and research officers initially coded the 14,194 individual activity records. Then the 
team leader categorised the coded individual activity records into 56 activity classifications. Based 
on the intensity and the context of the activity, some of the 56 activity classifications were 
combined, resulting in 44 activity classifications (Table 2). To minimise the number of questions in 
the questionnaire, the 44 activity classifications were further combined into 24 activity 
classifications (see Supplementary Material 1), which formed the PNG-PAQ.  
In the PNG-PAQ, we asked about duration and frequency for each of the 24 activity 
classifications. Activities were limited to those that continued for 10 minutes or longer. Two 
screening questions (questions 1 and 5) were included at the beginning of the cash earning and 
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subsistence and cash cropping domains. The final PNG-PAQ consisted of 26 questions spread 
across five domains: (1) cash earning/schooling, (2) subsistence farming/cash cropping, (3) home 
chores, (4) transport, and (5) leisure. The PNG-PAQ is shown in Supplementary Material 2 and was 
designed to be administered by interview. 
 
5.4.4 Validation of PNG-PAQ 
The team recruited a total of 120 adult participants from Asaro and Hiri for the validation stage of 
the study. These participants were purposively selected to capture data across levels of 
socioeconomic status and the wide range of activities which were representative of the 
communities. Persons with disability, pregnant and those not aged between 16-65 years were not 
included. Six participants left the study and 4 participants who did not meet the inclusion criteria for 
data analysis (detailed below) were excluded.  The final number of eligible participants was 110, all 
of whom accumulated seven days of accelerometer data and completed the PNG-PAQ. All 
participants that agreed to take part in the study gave consent before the study.  
At the commencement of the PNG-PAQ validation data collection, research officers 
recorded participants’ demographic information, height, and weight. The validation data consist of 
mean minutes per day of sedentary physical activity (0–0.5 intensity) and MPVA (4–9 intensity) 
accumulated by the PNG-PAQ and accelerometer. The participants were asked to wear an 
accelerometer from the time they woke up until they retired for the day for seven consecutive days. 
During the study, a trained family  member of each participant was assigned as monitor to ensure 
that the individual wore the device properly, and a research officer visited each participant twice a 
day  .  
Accelerometer data was accepted where there was at least four days of activity records 
with at least 10 hours of daytime physical activity (≥0.5 intensity), some continuous bouts of 10 
minutes of MVPA and no more than 14 hours of 60 minutes consecutive counts of zero intensity 
per day [185, 186]. This criteria provided rational data to conduct validation of the questionnaire. 
Mean minutes per day for each intensity were calculated by sum counts in a valid day multiplied by 
2-minutes per count divided by total valid days.  
On day eight, the lead research officer administered the PNG-PAQ. The questionnaire 
estimated time spent on sedentary physical activity and MVPA over the previous 7-day period. 
Established proportion of sedentary and MVPA of each activity (Table 2) was used to calculate 
time spent on sedentary physical activity and MVPA, respectively. Participants with PNG-PAQ 
estimation of 10≤ 24 hours per day were included in the analysis.  
Sleep time was separated from sedentary time to avoid overestimation of sedentary time. 
This was achieved by determination of sleep period guided by the activity log summary and visual 
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inspection of raw accelerometer data [186, 187]. Estimation of commencement of sleep period 
involved identifying time at which consecutive physical activity intensity is zero for more than a 3-
hour internal [185-187].  Wake up time was estimated by continuous counts greater than zero for at 
least 10 minutes [185-187]. Average minutes per day of sleep period was calculated from total 
counts of sleep time of valid days multiplied by number of 2-minutes intervals averaged for the 
valid days of accelerometer data. Average sleep time was subtracted from average sedentary time 
(0-0.5 intensity) which produced sedentary time minus sleep time.  
 
5.4.5 Statistical Analysis 
The statistical software package Stata (Version 13.1, Stata Corp, College Station, Texas) was used. 
The analysis used both the absolute values of the intensity distribution and intensity categories. The 
differences in proportions and medians were investigated by chi-square and Kruskal-Wallis tests, 
respectively. Association between the PNG-PAQ estimated time, and the accelerometer recorded 
time, on sedentary physical activity and MVPA was investigated by a Spearman’s correlation 
coefficient. A Bland-Altman plot was drawn to investigate systematic estimation bias for the PNG-
PAQ.   
 
5.5 Results 
 
5.5.1 Demographic characteristics of the participants 
The participants’ demographic characteristics for the development and validation stages are present 
in Table 6. In the development stage, 46 adults participated, of which 70% were from Hiri and 30% 
from Asaro. There were no differences in sociodemographic variables between study sites. The 
average age of participants was 40 (SD± 13) years; 74% were subsistence farmers and the 
remaining 26% were construction or office workers and students.  
The validation study included a total of 110 participants. There were 51% males and 49% 
females, and the average age of the participants was 39 years (SD=13). Most participants were 
married (86%) and were subsistence farmers (79%).  The participants’ mean height was 162 cm 
(SD = 8), and mean weight was 63kg (SD = 20). Mean body mass index (BMI) was 24kg/m2 (SD = 
4). Even though the average BMI was within the normal range, 35% of the participants were either 
overweight or obese.  
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5.5.2 Identification of common activities and PAI of each activity  
The main task in the development stage was to identify common activities in the study populations 
and estimate the PAI for each activity. In Table 7 the final 44 classifications of activities and their 
PAI as measured by the accelerometer are presented.  During the assessment of physical activities, 
the accelerometer recorded physical activity of vigorous intensity in two types of activities: playing 
sports (24% of time of playing sport was vigorous) and running and fast walking (2% of time of 
running and fast walking was vigorous). Physical activity of moderate intensity was recorded in 19 
types of activities: 88% of time spent on running/walking fast was at moderate PAI; the percentage 
was 36% for carrying loads, 25% for walking to destinations and 18% for playing sports. The 
median PAI was highest for running/fast walking (4) and carrying loads (3). 
5.5.4 Validation of the PNG-PAQ 
Figure 18 shows a scatter plot between time spent on MVPA estimated by PNG-PAQ and that 
recorded by the accelerometer. Spearman’s correlation coefficient was 0.6 (p=<0.001) for males 
and 0.4 (p=0.002) for females, respectively. Spearman’s correlation coefficient for all participants 
was 0.5 (p=<0.0001).  
Figure 19 shows the scatter plot between time spent on sedentary activity estimated by 
PNG-PAQ and that recorded by the accelerometer. Spearman’s correlation coefficient was 0.2 
(p=0.08) for males and 0.1 (p=0.5) for females, respectively. Speaman’s correlation coefficient for 
all participants was 0.2 (p=0.01).  
Figure 20 shows Bland-Altman plot of the differences between the PNG-PAQ and 
accelerometer estimated average values of MVPA minutes/day. The mean difference between the 
PNG-PAQ and accelerometer was -12.2 minutes/day, which suggested reasonable agreement 
between the two methods. The PNG-PAQ underestimates MVPA by an average of 13.3 minutes 
compared to the standard measurement, the accelerometer. The 95% limits of agreement of -67.8 
and  43.5 show acceptable agreement with only 6% (7/110) of observations outside of the limits.  
The disagreement between the methods was larger as time spent on MVPA increases.  
Table 8 shows time spent on MVPA estimated by site, gender, and BMI categories. Time spent on 
MVPA estimated by PNG-PAQ differed between Asaro and Hiri, while it did not differ by gender. 
Overweight and obese participant reports showed less time spent on MVPA. Obese participants, in 
particular, recorded 9–13 fewer minutes in MVPA compared to the BMI categories of overweight 
and normal, respectively 
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Table 6. Demographic description of participants in the development and validation stages of the PNG-PAQ study. 
    Development stage Validation stage 
  Hiri Asaro Total p-values Hiri Asaro Total p-values 
    n=32 n=14 N=46  n=55 n=55 N=110  
Age mean (SD)  40 (13) 39 (12) 40 (13) 0.8 40.6 (14.7) 36.5 (11.7) 38.5 (13.4) 0.2 
Age group n (%)         
 18–30 10 (31) 4 (28) 14 (30) 
0.9 
17 (31) 21 (38) 38 (35) 
0.2  31–45 10 (31) 5 (36) 15 (33) 18 (33) 23 (82) 41 (37) 
 46+ 12 (38) 5 (36) 17 (37) 20 (36) 11 (20) 31 (28) 
Sex n (%)         
 Male  17 (53) 7 (50) 24 (52) 
0.8 
29 (53) 27 (49) 56 (51) 
0.7  Female  15 (47) 7 (50) 22 (48) 26 (47) 28 (51) 54 (49) 
Occupation n (%)          
 Subsistence farming 23 (72) 11 (79) 34 (74) 
0.3 
36 (65) 52 (94) 88 (80) 
0.001  Office job/student 5 (16) 1 (7) 6 (13) 11 (20) 1 (2) 12 (11) 
 Construction worker 4 (12) 2 (14) 6 (13) 8 (15) 2 (4) 10 (9) 
Marital status n (%)         
 Married     38 (69) 41 (75) 79 (72) 
0.8  Single     13 (24) 11 (20) 24 (22) 
 Other     4 (7) 3 (5) 7 (6) 
Physical measurement m (SD)     n=48 n=55 N=103  
 Height     165 (7) 159 (7) 162(8) 0.0001 
 Weight     69 (12) 57 (11) 63(13) 0.0001 
 BMI     25 (4) 23 (3) 24(4) 0.0001 
BMI category n (%)         
 Normal      20 (39) 39 (75) 59 (57) 
<0.0001  Overweight     16 (31) 12 (23) 28 (27) 
  Obese         15 (29) 1 (2) 16 (16) 
Differences between sites were assessed by p-values derived from Chi-square for categorical variables and Kruskal-Wallis for continuous 
variables. 
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Table 7. Final classifications for physical activity from time allocation study with accelerometer measures - Number of 
observations of activities and intensity distribution.  
 
Activity 
Total 
minutes  
Relative intensity Absolute accelerometer values PNG-PAQ 
Questions  S% L% M% V% Mean (SD) Median Min Max 
Cash earning/Schooling          1 
Construction work  652 29 66 5 0 1 (1) 1 0 3 
2 
Manual work  151 34 60 6 0 2 (1) 2 1 5 
Selling at the side streets/markets/stores 378 58 42 0 0 1 (1) 1 0 4 
3 
Door to door selling by foot  103 9 75 17 0 2 (1) 2 1 5 
Office work/school 357 69 31 0 0 1 (1) 1 0 2 
4 Studying  127 85 15 0 0 1 (1) 1 0 2 
Reading 67 91 9 0 0 1 (0) 1 0 2 
Subsistence farming/Cash cropping          5 
Carrying load  341 0 64 36 0 3 (1) 3 2 6 6 
Cutting bush/tree 175 9 91 0 0 2 (1) 2 0 3 
7–8 Burning and cleaning 16 38 62 0 0 1 (1) 1 1 2 
Growing cash crops 33 33 67 0 0 2 (1) 2 1 3 
Weeding and spraying agrochemicals 661 45 55 0 0 1 (1)  1 4 9–10 
Manual ploughing 168 8 92 0 0 1 (1) 1 0 3 
11 Shovelling 38 0 97 3 0 2 (1) 2 1 4 
Ditch digging and fence building/repairing 118 6 93 1 0 1 (1) 1 1 5 
Harvesting food 247 33 66 2 0 1 (1) 1 0 4 
12–13 
Picking cash crops 121 6 94 0 0 1 (1) 2 1 2 
Hunting and collecting insects/shells/crabs 113 33 64 4 0 1 (1) 1 1 4 
14 
Animal husbandry  78 14 83 3 0 2 (1) 2 1 4 
Home chores           
Child care 511 52 46 2 0 1 (1) 1 0 8 
15 
Self-care 52 23 77 0 0 2 (1) 2 0 2 
Sweeping floor 84 12 88 0 0 2 (1) 2 1 3 16 
Cleaning yard  82 13 83 4 0 2 (1) 2 1 5  
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Washing clothes  518 48 51 1 0 1 (1) 1 0 4 
Making firewood  301 4 87 2 0 2 (1) 2 1 5 
17 
Making and repairing household goods  160 85 15 0 0 1 (0) 1 0 2 
Cooking  1186 51 49 0 0 1 (1) 1 0 4 
18 Cleaning dishes 293 51 48 1 0 1 (1) 1 0 4 
Grating coconut 29 72 28 0 0 1 (1) 1 0 3 
Transport           
Running and fast walking 394 0 10 88 2 4 (1) 4 2 8 
19 
Walking to destinations 370 48 43 25 0 1 (1) 1 0 4 
Walking 2053 32 43 9 0 2 (1) 2 0 3 20 
Riding on motor vehicle 368 33 67 0 0 1 (1) 1 0 3 21 
Paddling canoe 21 81 19 0 0 1 (1) 1 1 2 22 
Leisure           
Playing sports 49 0 57 18 24 4 (3) 2 1 9 23 
Playing cards/darts 84 94 6 0 0 1 (0) 1 0 2 24 
Looking at screens (TV, computer, and phone) 126 80 20 0 0 1 (1) 1 0 3 25 
Eating and drinking 669 77 23 0 0 1 (1) 1 0 4 
26 
Talking on phone 79 75 25 0 0 1 (1) 1 0 3 
Chatting  2271 84 15 0 0 1 (1) 1 0 4 
Resting between activity 245 91 9 0 0 1 (0) 1 0 2 
Sitting “doing nothing”  272 80 20 0 0 1 (1) 1 0 3 
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Figure 18. Correlation of MVPA mean minutes/day for PNG-PAQ estimated and accelerometer 
recorded time. 
  
  
 
 
 
 
Figure 19. Correlation of sedentary mean minutes/day for PNG-PAQ estimated and accelerometer 
recorded time. 
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Figure 20. Bland Altman plot of differences between accelerometer and PNG-PAQ average MVPA 
minutes/day. Mean difference: -12.2, standard deviation: 27.8, 95% limits of agreement: -67.8, 
43.5. 
 
 
 
 
 
 
 
Table 8. Mean (95% CI) minutes/day of moderate-to-vigorous physical activities (MVPA) 
estimated by the PNG-PAQ by site, gender, and BMI categories. 
   PNG-PAQ 
    n Mean MVPA time (95% CI) P value 
Site     
 Hiri 55 19 (2, 79) 
0.001  Asaro  55 24 (4, 64)  
Gender    
 Male  56 22 (3, 72) 
0.8  Female 54 22 (2, 74) 
BMI Category     
 Normal  59 25 (4, 72)   
0.01  Overweight 28 21 (2, 79) 
 Obese 16 12 (2, 33)  
P-values were derived from the Kruskal-Wallis test, significant differences within groups was 
defined by p≤0.5. 
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5.6 Discussion and conclusion  
In the present study, we identified the range of common activities in two purposively-selected PNG 
communities and estimated PAI for each. Based on this, we developed the PNG-PAQ and showed 
that the questionnaire will be able to estimate time spent on MVPA and time spent on sedentary 
activity. We note that time spent on MVPA estimated by PNG-PAQ will have larger estimation 
error as the MVPA time estimate increases.  
PAI evaluated by accelerometer for each of the common activities in PNG tended to be 
lower than those reported for similar activity categories in the compendium presented by Ainsworth 
et al. (Table 4) [188, 189]. Our study found that the PAI converted to mean METs for household 
chores, gardening, building activities, and walking showed a ‘1–2’ level of intensity, while in the 
compendium the comparable intensities were in the ‘3–6’ level range [188, 189]. The lower METs 
in our study could be explained by the widely discussed limitation of the accelerometer in its 
incapacity to measure activities that involve the upper body, elevation, and load bearing in a free-
living environment [140, 185, 186]. In addition, the difference may suggest that intensity of 
physical activity may be population specific and tend to vary across populations which suggests the 
categorisations by Ainsworth et al of “light”, “moderate”, and “vigorous” are not comparable to 
those of PNG categories. [30]. The establishment of the compendium of physical activities was 
based on data largely obtained from extensive laboratory and population-based research work in the 
United States of America (USA) [188]. Therefore, it suggests that application of this intensity 
standard is not necessarily valid in subsistence societies. Estimating the level of physical activity in 
PNG by using questionnaires that base their estimation on other populations or on the Compendium 
developed from physical activity accounts of Western societies may not likely be applicable.   
The development of the PNG-PAQ was based on common activities defined in the local 
population which addresses the issue of  broad categorisations of activities that are difficult to 
differentiate [190, 191]. The PNG-PAQ incorporated a two-level format that estimated a past  
week’s account of physical activity, in number of days (frequency) and number of hours and 
minutes (duration) which reduces recall biases as explained by other studies [176, 177, 180, 190, 
191].  In addition, the PNG-PAQ applies the restriction of recall to activities with a duration of 
longer than 10 minutes, the activity duration threshold considered necessary to reduce the risk of 
cardiovascular diseases (CVDs) [176, 192, 193].   
The approach to validation of comparing a reported measure (PNG-PAQ) with measures 
provided by an accelerometer is well established, including in low income settings similar to that of 
PNG [175-177, 190, 191]. The positive correlation of Spearman’s (ρ) 0.5 (p=<0.0001) observed for 
MVPA in this study between the subjective PNG-PAQ measure and the more objective 
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accelerometer measure is consistent with similar studies conducted in a free-living environment. 
Similar results were observed in the study among Pakistan women that validated the MONICA 
Optional Study of Physical Activity (MOSPA) which reported a correlation of Spearman’s (ρ) 0.47 
(p=0.05) and (ρ) 0.60 (p=0.01) for the MOSPA long version and short version, respectively [176]. 
Our study observed a stronger correlation when compared to Bharathi et al. validation of the 
Migration Study questionnaire with the accelerometer which presented a Pearson’s correlation of 
0.28 (p=0.01)[175]. Though we anticipated a stronger correlation, our results are not unexpected 
given the study was conducted in a free-living setting and used the accelerometer which had 
limitation as indicated by numerous studies [175, 177, 183, 191, 194-196].  Thus, the modest 
correlation between the PNG-PAQ and accelerometer-estimated time spent on MVPA is 
comparable to similar studies conducted elsewhere and suggests an acceptable level of validity for 
the use of the PNG-PAQ in measuring MVPA among subsistence populations in PNG [176, 177, 
191].  
The weak overall correlation between time spent on sedentary activities estimated by the 
PNG-PAQ and those recorded by the accelerometer in this study is comparable to previous studies 
[191, 197-200]. Earlier studies suggest that the variability in validating sedentary physical activity 
is often a result of underreporting of sedentary behaviour because of social desirability and recall 
bias, and terminology used [201, 202]. A study by Rosenberg et al. that assessed sedentary 
behaviour showed no correlation between time spent on sitting recorded by the accelerometer and 
reported sitting time [202]. In our study, the weak correlation could be attributed to recall bias as 
participants spent considerable time doing sedentary activities as well as socially desirability bias. 
The PNG-PAQ does not provide a valid estimation for sedentary activities and further investigation 
is required to improve the questionnaire’s validity in estimating sedentary activities. Various studies 
have pointed out the difficulties in adequately measuring sedentary activity, especially sleep time, 
which has led to growing effort in improving methods of measuring and understanding sedentary 
patterns [58, 165, 201, 203].  
The differences in MVPA by site are consistent with physical activity reported for rural 
and urban populations in the Pacific, such as the study by Taylor and colleagues [204]. Our study 
found the peri-urban Hiri population to be less active than the rural population of Asaro. This can be 
explained by differences in the types of physical activity required in the predominantly subsistence 
farming villages of Asaro and peri-urban villages of Hiri who have more paid work in the nearby 
city as well as selling in the markets. A similar association was reported by Yamauchi et al. who 
found reduced daily physical activity in urban migrants as compared to their rural counterparts in 
Tari [155]. This also reflects the transition in physical activity patterns associated with urbanisation, 
an important aspect of the nutrition transition of traditional societies. There were gender differences 
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in time spent on MVPA and sedentary activities, whereby females tended to report less time for the 
former and more for the latter. This mirrors the gender-based physical activity patterns in the study 
sites.  The MVPA was also  different by BMI categories showing that higher BMI levels had less 
time with MVPA, as reported in other studies [170, 205, 206]. This supports reports that the issue of 
overweight and obesity is becoming apparent among urban populations in PNG and is associated 
with physical activity patterns.   
 
5.6.1  Conclusion 
This study shows a moderate correlation between the PNG-PAQ-estimated and accelerometer-
recorded MVPA. The strength of this research work is demonstrated by the establishment of 
detailed descriptions of most common activities that are considered relevant in the context of these 
subsistence and peri-urban settings, hence ensuring suitability of the PNG-PAQ for the local 
population.  This work provides a basis for further studies to improve the validity of the 
questionnaire by investigation of sedentary activities and activities that involve upper body, load 
bearing, and elevation. Further studies in other populations in PNG and the Pacific are encouraged 
to test suitability of the questionnaire across PNG and subsistence populations in the South Pacific.  
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CHAPTER 6  Results: Nutrition Transition and Diet Quality Across Three 
Populations in Papua New Guinea 
 
6.1 Chapter Summary  
Chapter 6 addresses objectives 3 and 4 under research question 2. It presents dietary results based 
on data from the 24-hour dietary recall in the population survey. This provides information on the 
quality of diet in terms of total energy and nutrient intake for each study site as well as investigating 
the association with SES factors. Nutrient and food group information is used to explore diet quality 
across the study sites and compare with previous accounts to examine changes related to nutrition 
transition. The chapter is organised in manuscript format with background, method, results, and 
discussion sections. 
 
6.2 Introduction  
 
6.2.1 Nutrition transition and the increasing burden of NCDs and ongoing issues of 
infectious diseases 
Over the years, dietary patterns of countries and populations have undergone major transformation 
[6, 22]. The changes in dietary patterns, referred to as nutrition transition, is characterised by the 
move from diets high in cereal, grains and vegetable towards one which is frequently dominated by 
packaged and processed foods high in sugar and fat [8, 11, 207-209]. These changes are identified 
as a major underlying factor for the rapidly increasing prevalence of obesity and associated non-
communicable diseases (NCDs) [3, 24, 30]. The increase is more vivid in the low- and middle-
income countries (LMICs) including the Pacific Island Countries (PICs) with alarming prevalence 
of NCDs and continuous burden of infectious diseases [68, 210]. In Papua New Guinea (PNG) a 
country situated north of Australia, NCDs are now the second leading causes of deaths, notably 
cardiovascular diseases (CVDs), which is a challenge for the health system when coupled with 
infectious diseases [17, 135].  
 
6.2.2 Nutrition transition in low- and middle-income countries  
The concept of the nutrition transition, initially described by Popkin, occurs simultaneously with 
two well-established demographic and epidemiological changes [7]. These changes are shown to be 
driven by a range of factors including economic growth, level of urbanisation, technology, and 
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culture [22, 211, 212]. In the LMICs, the processes of the nutrition transition significantly vary over 
time compared to the trends observed in high-income countries [9, 55, 209]. The differences are 
highlighted in terms of rate of change, features of the shifts in relation to determinants of nutrition 
transition, and coexistence of NCDs and infectious diseases [207, 208, 213]. For example, body 
weight changes across LIMCs in North Africa and the Middle East have produced a steep upward 
trend in the prevalence of obesity so that it is now similar to that of United States and Brazilian 
children [3, 9, 11, 209]. Data from food balance sheets show dramatic increases in proportion of 
energy intake from fat and further examination at population level demonstrate virtually no link to 
income, in contrast to the a linear relation observed previously in high-income countries [2, 21]. 
Similar trends have been reported for high-energy sweetened beverages [214, 215]. This alteration 
in the diet structure is often explained by increased availability of cheap vegetable oils and fats, and 
high-energy food and drinks [211, 214-218]. Eating behaviours have also seen transformation, often 
shifting from baking, steaming, and boiling to deep-frying and stir-frying. Also, a widespread 
uptake of snacking on savoury and salty snacks has been encouraged by increased media 
advertising by food companies promoting snack food products [30, 43, 219]. 
 The approaches taken to assess and understand the concept of nutrition transition have 
shifted over time to reflect a shift in the nutrition risk factors associated with infectious diseases 
versus NCDs [220, 221]. Diet adequacy patterns based on nutrient analysis were conducted in 
relation to risk of infectious diseases [30, 31]. Then as NCDs and associated risk factors such 
obesity and hypertension increased, food group analysis were found important to determine dietary 
patterns. Food group analysis were also essential as food fortification became common when 
countries adapted the measure to address the issue of deficiency of essential nutrients [39, 222]. At 
the same time, level of food processing was recognised to play an important role towards shift in 
dietary patterns with growth in food industries and globalisation [36, 223, 224]. In the context of 
PNG with extensive malnutrition as well as the emergence of NCDs it is vital to consider measures 
across this range of dietary exposures.   
6.2.3 The phenomena of nutrition transition in PICs 
Numerous studies in the PICs have revealed the phenomenon of the nutrition transition and its 
association to rapidly increasing prevalence of obesity and NCDs in the region. Similar to other 
LMICs, the PICs are undergoing large shifts in dietary patterns marked with increased reliance on 
imported processed foods and declines in local traditional garden foods [65, 67, 71, 73]. Analysis of 
the food balance sheets for Fiji and Samoa showed a decline in availability of root crops and 
increases for cereals and rice as well as a significant increase in the supply of high fat meats, 
particularly of mutton flaps [69]. Trade policies and the globalisation of supply chains that 
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encourage imports of processed food and shifting domestic food production are widely discussed as 
important factors towards nutrition transition in the PICs [44, 53]. Though the move from 
traditional diets to more modern diets is evident in the region, the change tends to differ across the 
island countries according to trade policies, the degree of modernisation and social changes [64, 67, 
69, 72, 77, 79, 162, 225]. Ulijaszek discussed Samoans living in Hawaii and showed significantly 
higher dietary energy from imported processed food compared to the residents of Western Samoa 
[225]. In addition, a survey by Taylor et al. comparing household-level food expenditures and diets 
in rural and urban populations in Kiribati, Tonga, the Solomon Islands, and Vanuatu found that 
urban diets contained more protein and fat [69, 226, 227]. These observed differences across PICs 
points to variation in the nutrition transition in the region.  
6.2.4 Nutrition transition in PNG and main determinants  
In PNG signs of nutrition transition were recognised during colonisation in the 1960s and further 
changes continued when the country gained its independence from Australia, which led to the 
expansion of urban towns and cities in the 1970s as well as the establishment of mining and logging 
industries throughout the country. The major shifts in dietary patterns described in nutrition studies 
have been incorporation of store-bought processed foods (rice, noodles, tinned fish and meat, 
sweetened beverages and vegetable/animal fat) into the traditional diets of starchy root crop staples 
and leafy vegetables, fish, and game animal meat [83, 87, 118, 228]. Saweri compared the country’s  
per capita availability of food from the period between 1964–1966 to that of 1996 and 1998 showed 
decrease in starchy roots from 315 to 221 kg/person/year with store-bought cereals increased by 23–
72 kg/person/year [83].  
Among rural populations, studies in the 1970s demonstrated that introduction of the cash 
economy from cash cropping increased consumption of rice and tinned fish, which improved energy 
and protein intakes, especially in children [82, 118]. Later, in the 1980s, Ulijaszek et al. (1985, 
1986) and Lourie et al. (1986) reported that local wage earners at Ok Tedi mine in the Star 
Mountains obtained 64% of dietary energy from imported store-bought foods, predominately rice 
and tinned fish or meat [93, 156, 229, 230]. Furthermore, the adoption of imported foods tended to 
be widespread across populations in PNG. Studies in the 1990s found a significant difference 
between urban Tari Basin populations and their rural counterparts, which showed the male urban 
population consumed a lower total energy (11.65MJ/d) and higher protein (73g/d) and fat (82g/d) 
intake, with similar patterns observed for the females [155]. The higher protein and fat intakes were 
derived from store-bought processed foods that included flour products and fats and oils [91, 155]. 
Gibson et al. observed that not only had consumption of store-bought processed foods increased, 
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but also that the average energy intake of wealthier populations were well over recommended levels 
[144, 231].  
Studies looking at associated risk factors of rising NCDs in the country have shown a link 
between the urban dietary changes and risk of NCDs [91, 98, 155, 232]. In addition, as reported in 
Chapter 4, the importance of eating behaviours in the nutrition transition highlighted in the other 
LMICs is also observed in our study. This examined dietary intake and eating behaviours and 
showed a larger variety of foods, and a broader range of store-bought foods, consumed by the 
communities affected by the large-scale liquefied gas project [233]. The findings also indicated 
frequent usage of vegetable oil in food preparations and snacks of processed sweets and sweetened 
beverages [233]. The literature on PNG demonstrates general trends across a range of populations 
groups, however exploration of the role of social factors (such as education and lifestyle changes) 
and economic factors (such as employment opportunities and wealth accumulation) at the 
household and individual levels is limited. Also, the implications of these changes on overall diet 
quality is unclear. A better understanding of the effects of these social and economic factors in the 
processes of nutrition transition is vital for considering the implications of changes across 
communities and populations. [67, 71, 212 , 216, 234]  
6.2.5 Context of this study in relation to the nutrition transition 
The previous studies have shown that cash cropping and natural resource extraction activities are 
both important contributing factors to changes in dietary patterns in PNG. Both these activities 
bring about major economic and social changes and are reflected in the sites selected for the study 
reported here. The Hiri site is impacted by the multimillion-dollar PNG Liquefied Natural Gas 
project. In the Asaro site cash cropping of coffee is common, while the population in the Karkar site 
is engaged mostly in subsistence activities. The level of economic growth and changes in social 
structure varies across these sites. We anticipate the gas project has not only impacted diets by 
increasing disposable income but also affected food production through changes to the social 
structure when men are employed by industries and women are left alone to garden. The cash 
cropping in Asaro may provide seasonal income but also disrupts land and labour for gardening. 
Thus, the inclusion of these different populations provides an opportunity to observe the nutrition 
transition underway in diverse economic and cultural circumstances in PNG at community, 
household, and individual levels.  
6.2.6 Aim and objectives of this research work  
This study aimed to examine the nutrition transition underway across three sites in PNG. Cross-
sectional 24-hour recall data was utilised to assess diet quality based on nutrient analysis and food 
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group analysis was used to build on the results of Chapter 4 and further examine dietary patterns. 
Analysis explored the possible differences in the dietary practices associated with SES factors 
across the sites. The study sites (Asaro, Karkar, and Hiri) currently face different types and levels of 
economic growth with implications for diets, as illustrated in Figure 1. The assessement of diet 
quality focused on total energy, fat and protein intakes and two micronutrients, iron and vitamin A, 
both of public health importance in PNG given  malnutrition continues to be a wide spread problem 
in the country. The dietary data analysis also included the contribution of store-bought processed 
foods and snacks to intakes. Further analysis was undertaken for food groups that incorporated level 
of processing and food fortification. SES measures were at a population, household, and individual 
levels.  
 
 
Figure.21 Study framework  
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integrated Health and Demographic Surveillance Sites (iHDSS) Asaro , Karkar, and Hiri sites 
established as part of a larger PNG Institute of Medical Research (PNGIMR) research initiative [18, 
137]. Aspects of the study design relevant to this chapter are provided below.  
The nutrition component was based on the 24-hour dietary recall administered by research 
officers. The 24-hour recall interviews took place in the participants’ houses, or health facilities 
[137]. Research officers explained the study objectives to the participants and written consent was 
obtained before they were enlisted to participate. Demographic information on the participants were 
collected during the main survey using the NCDs study questionnaire. This component of the study 
also incorporated collection of socioeconomic (SES) data with the iHDSS routine household survey 
which is detailed later in the article. The study was given ethical approval by the Medical Research 
Advisory Committee of Papua New Guinea (MRAC No.12.34; 19 November 2012). 
6.3.2 Study locations and participants sampling 
The study population was comprised of people from three iHDSS locations with different cultural 
backgrounds and settings. The people from Asaro are situated in the Eastern Highlands Province in 
some of the most fertile valleys in the highlands of PNG. This is a 40-minute drive to Goroka, the 
nearest town. People are engaged in subsistence farming and cash cropping of coffee and fresh 
vegetables. Karkar is located in Madang Province and is an island off the East coast of Madang. 
The island’s coastline features major cocoa and coconut plantations, and the island is said to have 
been strongly influenced by the Lutheran Mission which was established in the 1930s. Similar to 
Asaro, the people are mainly subsistence farmers and they sell fish and have small scale cocoa and 
coconut cash crops. People from the Hiri site are part of the coastal population situated on the 
outskirts of Port Moresby, the capital city of PNG. This site hosted the multimillion-dollar PNG 
Liquefied Natural Gas (PNG-LNG) project. The PNG-LNG project and the nearby city provided 
some forms of paid employment though the community remained engaged in subsistence farming, 
like the other sites, as well as fish marketing and street vending.   
A total of 300 adult participants were sampled from each iHDSS sites for the PNG NCDs 
study. The samples were stratified by sex and age group (15–29, 30–44, 45–65 years). Participants 
were then selected using the simple random sampling technique. The sampling framework was the 
updated full population census of the adult general population of each iHDSS, stratified according 
to sex and age. The inclusion criteria for participants were: living within one of the three iHDSS 
sites, between the ages of 15–64 years, and has consented to participate in the study. Those 
excluded from the study were people with mental illness and pregnant women. The selected 
participants were visited at their homes where the study was explained to them and they were 
invited to take part. Participants that were willing to participate were schedualed to be surveyed.  
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6.3.3 Assessment of diet quality proportion of dietary intake from processed food and 
snacks 
The multiple-pass 24-hour recall method was used to collect dietary intake data for the study 
participants [131]. In brief, the multiple pass 24-hour recall was an interactive interview in which 
the participants were asked to recall their food intake in the last 24 hours. The interview collected 
information on where the food was consumed, time, a detailed description of the food, and amounts.  
A photo atlas of food and serving sizes was used to verify the foods and servings. 
This method provides mean nutrient intake of groups suitable for  population level dietary studies 
and is widely used in developing countries [139, 233]. Additional questions were included in 24-
hour recall sheet to capture food intake during special events after it was noted that major changes 
in food intake occurred only during feasts or celebrations [233]. Most importantly, a preliminary 
survey was undertaken to confirm feasibility of the 24-hour recall interview process, and to test and 
modify the interview guides and interview aids [233]. During the survey the particpants were 
visited by the research officers in their homes for the 24-hour recall. The interview information was 
recorded on a structured 24-hour recall sheet. All interviews were conduct in Pisin English and in 
cases where particpants could not communicate in Pisin English, village reporters translated in local 
dialects. Each interview took 30-45 mintutes to complete.  
Dietary data from the multiple-pass 24-hour recall was managed using FoodWorks 8 
Professional (Xyris Software, Australia Pty Ltd, ABN 86010953312), a nutritional analysis 
software which has been approved for research purposes. The FoodWorks software includes the 
South Pacific Food database that contained most of the foods consumed by our study population. 
Foods that were not included in this database or other food data bases within the FoodWorks were 
coded as foods in the database known to be similar in their nutrient composition. The assessment of 
dietary intake focussed on total energy, nutrient intakes (including protein, total fats, carbohydrate, 
iron, and vitamin A) and the proportions of these contributed by store-bought food and snacks. 
Foods that were processed and packaged were categorised as store-bought foods. Snacks were foods 
eaten between meals or in place of a meal and usually in small quantity, for example biscuits, fried 
flour, fruits and nuts. Food groups utilised for food group analysis were adapted from the Australian 
Dietary Guidelines (ADG).   
6.3.3.1 Selection of diet components to assess nutrition quality  
The selection of total energy intake, nutrients, and food groups to assess the diet quality and overall 
dietary pattern of the study population was based on contribution to overall diet and representation 
of shift from traditional diets in PNG. The values of total energy and nutrient intake were evaluated 
against the Australian estimated average requirements (EAR) using representative parameters for 
PNG; for adults males we used the age group 31–50 years, physical activity level (PAL) of 1.4, 
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weight of 63.6 kg and height of 1.7 m, while for females we used an age group of 31–50 years, 
physical activity level (PAL) of 1.4, weight of 58.3kg, and height of 1.6 m[235].  
Total energy intake measured in kilojoules was included in the assessment of diet quality 
because it provides an overview of diet [131]. In relation to the study aim, total energy information 
is important as some rural populations continue to face undernutrition (insufficient energy intake) 
and increases in Body Mass Index (BMI) have been reported, particularly among urban populations 
(surplus energy intake) [17, 98, 148]. The macronutrients (total fat, protein, and carbohydrate) were 
selected given their direct or indirect link to NCDs and also as they provide insight into shifts in 
components of diets as the country undergoes transition. Total fat intake has been reported to show 
no link to risk factors of NCDs [3, 67, 68, 207, 225]. 
 On the other hand, saturated and trans-fat within total fat have been found to be 
significantly associated to risks of NCDs and particularly cardiovascular disease. These specific fats 
were not available in the FoodWorks food databases and, given traditional diets in PNG were low in 
fat specifically saturated and trans-fat, total fat seemed the best marker to provide some insight into 
incorporation of saturated fats and oils in diets. Protein intake was included because low protein 
intake still affects some population groups in PNG and to observe the current patterns of protein 
intake in relation to the nutrition transition, and association with socioeconomic factors [89, 144, 
236, 237]. Carbohydrate intake was included because of its role in nutrition–related NCDs, such as 
diabetes, and the link with dietary fibre and its potential to reduce risks of the mentioned diseases. 
Finally, the micronutrients are of importance in nutrition assessment given their role in protection 
against specific health and nutritional risk. For this study, vitamin A and iron were selected, as 
inadequate intake of these micronutrients has been a problem in certain parts of PNG, especially 
among children. The introduction of some store-bought foods, coupled with a decline or 
discontinuation of some traditional foods, is expected to affect their intake. Food group analysis 
used the ADG and store-bought food categories to assess the proportion of eating occasions from 
the food groupings to assess the extent and possible effects of level of processing and food 
fortification.  
6.3.4 SES indicators and wealth analysis  
The participant SES indicators based directly on participant reports were employment and 
education. These were captured in the main study survey—the PNG NCDs study. Additionally, 
wealth quantiles were calculated from information collected in the iHDSS household Demographic 
and Health Survey (DHS). The DHS is an annual survey using a household questionnaire that 
collects information on water and sanitation, household characteristics including ownership of 
goods and livestock, and health services. The project overseeing the study at PNGIMR cleaned and 
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processed the SES survey data. Corresponding 2014 DHS household survey information for our 
participants was extracted and using the DHS wealth index calculation process wealth index scores 
were calculated and further defined into quantiles for each participant [141, 142].  
The wealth index is widely employed to assess societal well-being according to economic 
position of populations across LMICs [141]. This composite measure of wealth index is based on 
easily assessed ownership of household assets, services, and amenities, which have been found to 
reasonably capture underlying unobserved dimensions that cannot be estimated with usual measures 
of income and expenditure [141, 143]. The wealth index is specifically valuable for use in low-
income countries, including PNG, due to issues of limited reliable data on income and expenditure. 
In this study, the method was considered appropriate given the study consisted of rural and peri-
urban populations where there would be major difficulty in collecting traditional wealth indicators 
[18, 144, 145].   
The wealth index analysis incorporated the variables from the dwelling characteristics 
(building material type, ownership of household goods and animals), water, and sanitation (source 
drinking water and toilet facilities). Our calculation process followed the steps outlined by Rutstein 
[142].  Firstly, a descriptive analysis was carried out and then indicator variables were created 
according to the responses of the selected variables listed above. Then the verified indicator 
variables were analysed using factors analysis that assigned scores for each indicator variable; and 
further, analysis generated the household factor scores that were assigned to each participant. In this 
case, the first factor was required to explain a majority of the variance of the indicator variables. 
Finally, the wealth quantiles were calculated by dividing the household factor score distribution into 
five equal parts to define the wealth quantiles variable. The first wealth quantile denotes lowest 
wealth, the second quantile is below average, the third quantile is average, the fourth quantile is 
above average, and the fifth quantile the highest wealth score. Quantiles were defined within and 
across sites.  
6.3.5 Statistical Analysis 
The dietary data was processed and managed by FoodWorks as well as Excel while SES data 
utilised Excel spread sheets. Final cleaning and analysis were conducted using Stata (Version 13.1, 
StataCorp, College Station, Texas).  
A descriptive analysis was performed to clean and check the distribution of demographic, 
dietary, and socioeconomic variables intended for the main analysis. This was followed by bivariate 
analysis to explore the relationship between dietary intake variables (total energy, protein, total fat, 
carbohydrate, iron, and vitamin A) and food groups (store-bought food and snacks) and the 
demographic and SES variables (employment, education, and wealth quantiles). Parametric and 
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non-parametric tests, which included Chi-squared and Kruskal-Wallis tests, were performed to 
investigate the differences between the diet by site and SES measures.  
The final analysis used multiple linear regression to understand the association between 
dietary intake variables (dependent variables) and SES measures (independent variables). Four 
sequential regression models that utilised stepwise inclusion of variables for each model allowed us 
to examine effect of each predictor SES variable in the models, controlling for covariates (gender, 
age group, and marital status). The first model for each dependent variable assessed the association 
with site, controlling for the covariates; the second model added wealth quantile; the third model is 
the full model. Two other models included type of employment excluding site were assessed to 
examine the relationship amongst the SES measures, and the extent to which the SES measures 
explained site differences.  
The full regression models were checked for normality of the residuals—kernel  density 
plot, probability plots, and plots of quantiles, residual-versus-fitted plot, and a Cook and Weisberg 
test were used to examine homogeneity of variance tested; multicollinearity was looked at using the 
variance inflation factor; and model specification was assessed using specification error tests.  
 
6.4 Results  
 
6.4.1 Participants’ characteristics    
The characteristics of the 675 participants that complete the dietary component of the study is 
presented in Table 9. The participants’ average age across sites was 39 years. The proportion of 
females was slightly higher in Hiri than in Asaro and Karkar. Proportions for marital status, 
education, and wealth significantly differed across sites. Proportion of participants with no 
education was higher in Asaro (43%) while Hiri showed the highest proportion of participants with 
secondary/tertiary education (46%). Most participants across the study sites were subsistence 
farmers, while cash earning employment was highest in Hiri with a proportion of 27.9% compared 
to 24.7% and 18.6% in Asaro and Karkar, respectively. The proportion of wealth calculated across 
sites showed Hiri had the highest proportions in the quantiles above average (96% of quantile 
higher than average and highest), and in Karkar the largest group was in the average quantile 
(40.0%) while the largest group in Asaro was in the lowest quantile (47.75%).  Given the significant 
difference in the distributions for wealth quantiles across sites, within sites calculation of wealth 
quantiles was used for the regression analysis.  
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Table 9. Characteristics of participants from the three study sites. 
  
Asaro Karkar Hiri Total 
p-value 
n=250 n=239 n=186 N=675 
Average age (in years) 
mean(SD) 
39.9 (13.8) 39.0 (13.6) 38.9 (14.1) 39.3 (13.8) 0.7 
Age group % (n)      
 15-30 26.8 (67) 28.9 (69) 29.0 (54) 28.2 (190) 
0.9  31-49 43.2 (108) 41.8 (100) 41.9 (78) 42.4 (286) 
 50+ 30.0 (75) 29.3 (70) 29.1 (54) 29.45 (199) 
Gender % (n)      
 Male  50.8 (127) 46.9 (112) 37.1 (69) 45.6 (308) 
0.01  Female 49.2 (123) 53.1 (127) 62.9 (117) 54.4 (367) 
       
Marital status % (n) n=229 n=235 n=172 n=636  
 Married  68.1 (156) 74.0 (174) 66.9 (115) 70.0 (445) 
0.001  Never married  16.2 (37) 21.7 (51) 22.7 (39) 20.0 (127) 
 Divorced/widowed  15.7 (36) 4.3 (10) 10.4 (18) 10.0 (64) 
 
      
Education % (n) n=227 n=230 n=167 n=624  
 No education  43.6 (99) 3.9 (9) 1.8 (3) 17.8 (111) 
<0.0001  Primary  43.2 (98) 78.3 (180) 51.5 (86) 58.3 (364) 
 Secondary/tertiary 13.2 (30) 17.8 (41) 46.7 978) 23.9 (149)        
Employment % (n) n=231 n=237 n=179 n=647  
 Subsistence farming  67.5 (156) 67.0 (159) 60.4 (108) 65.4 (423) 
0.05  Student 7.8 (18) 14.4 (34) 11.7 (21) 11.3 (73) 
 Cash-earning occupation 24.7 (57) 18.6 (44) 27.9 (50) 23.3 (151) 
       
Wealth quantiles across 
sites 
% (n) 
n=216 n=190 n=177 n=583  
 Lowest 47.7 (103) 7.4 (14) 0.0 (0) 20.0 (117) 
<0.0001 
 Lower than average 26.3 (57) 31.6 (60) 0.0 (0) 20.0 (117) 
 Average 15.7 (34) 40.0 (76) 4.0 (7) 20.0 (117) 
 Higher than average 8.0 (17) 20.5 (39) 33.9 (60) 19.9 (116) 
  Highest 2.3 (5) 0.5 (1) 62.1 (110) 19.9 (116) 
Wealth quantiles within 
sites 
% (n) 
n=216 n=190 n=177 n=583  
 Lowest 19.9 (43) 20.0 (38) 19.8 (35) 19.9 (116) 
1.0 
 Lower than average 19.9 (43) 20.0 (38) 19.8 (35) 19.9 (116) 
 Average 19.9 (43) 20.0 (38) 19.8 (35) 19.9 (116) 
 Higher than average 19.9 (43) 20.0 (38) 20.3 (36) 20.1 (117) 
 Highest 20.4 (44) 20.0 (38) 20.3 (36) 20.2 (118) 
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6.4.2 Crude analysis of mean intake of diet components by demographic and socioeconomic 
variables 
Presented in Table 10 is the crude analysis of mean intake of diet components by site, SES, and 
demographic variables. Significant site differences were observed for all diet components. Asaro 
reported the highest intakes for total energy, iron, and Vitamin A, and Hiri had the highest for 
protein. The quantum of the differences were particularly large for the mean intakes of protein, iron, 
and vitamin A, where the lowest as a proportion of the highest were 54%, 43% and 27% 
respectively. There were no significant differences for any of the dietary components across the 
wealth quantiles. In regards to employment, participants with cash-earning occupations report 
higher total energy, protein, carbohydrate, and vitamin A intakes. In terms of education, those with 
no education had higher iron intakes. Significant gender differences were observed for total energy, 
carbohydrate, and iron intakes where male participants showed higher intakes compare to females. 
There were no differences across age groups and marital status categories.  
The extent of difference for the reported intakes from estimated average requirements 
(EAR) based on representative values from the Australian EARs are reported in Table 11. Both 
males and females across the sites reported lower mean total energy intake compared to the 
Australian EARs. Male participants showed higher shortfalls (about 20% of the EAR) compared to 
female participants; the Karkar site showed the highest energy deficit for both males and females. 
The largest shortfalls relative to the EAR were for total fat, with reported shortfalls ranging from 
30% to 55% of the EAR. Only iron intake met the EAR range for all groups. 
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Table 10. Crude analysis: Mean intake of components of diet (total energy, macro-nutrients, and micronutrients) by site, SES, and demographic variables. 
Variables 
N Total energy (kJ)  Protein (g) Total fat (g) Carbohydrate (g)  Iron (mg) Vitamin A (mg) 
  Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p Mean (SD) p 
Site              
 Asaro  250 7850.6 (3539.0) 
0.0001 
41.0 (24.5) 
0.0001 
49.4 (47.9) 
0.004 
320.9 (142.4) 
0.0001 
15.7 (10.2)  
0.0001 
710.7 (1225.6) 
0.0001 
 Karkar 239 6332.3 (2440.3) 34.8 (21.8) 51.9 (34.3) 227.4 (94.2) 10.8 (4.6) 290.2 (430.8) 
 Hiri 186 7090.2 (2030.6) 64.0 (30.5) 42.8 (23.9) 298.2 (102.3) 6.7 (3.8) 193.1 (302.4) 
Wealth quantiles   
            
 Lowest 117 7704.7 (3515.0) 
0.9 
37.6 (20.7) 
0.6 
47.8 (44.2) 
 
0.4 
314.3 (136.3) 
0.7 
15.3 (9.8) 
0.9 
564.3 (618.7) 
0.4 
 
 Lower than average 117 7150.9 (3477.0) 36.5 (23.3) 53.5 (46.6) 270.3 (132.5) 13.3 (9.2) 400.8 (424.3) 
 Average 117 6577.7 (2522.1) 37.3 (24.4) 50.2 (36.2) 247.4 (106.7) 12.1 (7.1) 411.8 (1046.1) 
 Higher than average 116 6877.3 (2328.4) 51.5 (31.5) 43.4 (29.2)   283.2 (99.2) 8.5 (4.9) 361.2 (948.9) 
 Highest 116 7230.6 (2502.4) 63.6 (27.0) 43.2 (25.4) 303.2 (109.2) 7.6 (5.3) 209.1 (326.7) 
Employment   
            
 Subsistence farming  492 6930.5 (2911.3) 
0.02 
42.6 (26.2) 
0.0001 
48.0 (38.0) 
0.3 
270.4 (117.5) 
0.001 
11.7 (8.2) 
0.03 
396.7 (636.7) 
0.5 
 Student 73 6895.3 (2499.1) 42.6 (24.9) 51.4 (30.7) 276.1 (109.6) 9.8 (5.4) 501.9 (1518.8) 
 
Cash-earning occupation 82 7711.5 (2663.2) 60.4 (35.1) 45.7 (34.1) 325.7 (134.8) 10.1 (7.2)  415.0 (1070.2) 
Education               
 No education  111 7393.9 (3325.6) 
0.08 
38.6 (25.8) 
0.1 
48.6 ( 45.4) 
0.5 
292.3 (129.4) 
0.004 
15.0 (9.5) 
0.0001 
580.0 (839.2) 
0.05  Primary  364 6809.3 (2772.8) 42.1 (25.7) 49.1 (35.9) 263.1 (114.5) 11.1 (7.4) 423.5 (984.8) 
 
Secondary/tertiary 149 7244.4 (2618.3) 55.6 (32.3) 45.7 (29.6) 295.0 (108.2) 9.6 (6.4) 279.5 (354.8) 
Gender              
 Male  308 7540. (2973.4) 
0.0001 
47.0 (29.2) 
0.1 
49.7 (38.0) 
0.2 
303.6 (131.1) 
<0.0001 
12.1 (8.1) 
0.01 
467.5 (957.4) 
0.2 
 Female 367 6736.8 (2878.7) 43.6 (27.0) 47.4 (37.7) 263.0 (113.1) 10.9 (7.7) 378.6 (715.0) 
Age group               
 15–30 190 7193.3 (3083.1) 
0.4 
44.5 (25.5) 
0.9 
51.1 (40.6) 
0.01 
286.2 (117.1) 
0.6 
11.4 (7.6) 
0.4 
 
455.1 (1093.7)  
0.3 
 31–49 286 7213.1 (2884.6) 44.7 (25.8) 51.2 (37.9) 283.4 (127.2) 11.8 (7.9) 449.7 (810.5) 
 50+ 199 6889.7 (2904.7) 46.3 (33.2) 42.1 (34.2) 274.3 (123.5) 11.1 (8.2) 341.0 (526.2) 
Marital status                
 Married  445 6993.9 (2860.7) 
 
44.8 (28.3) 
0.6 
48.2 (36.0) 
 
273.4 (117.5) 
0.3 
11.4 (7.4) 
0.4 
403.5 (724.7) 
0.6 
 
Never married  127 6960.1 (2660.6) 42.4 (25.0) 49.3 (36.6) 282.1 (126.5) 10.3 (6.3) 339.3 (819.2) 
 Separated/widowed 64 7344.2 (3071.8) 48.3 (32.1) 44.7 (41.1) 294.5 (126.9) 13.2 (12.4) 444.9 (840.0) 
 
 97 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 11. Differences from the Australian adult EAR for mean total energy, protein, total fat, carbohydrate, iron, and vitamin A, by 
gender for each site 
Total energy and nutrients  
Male  Female 
EAR 
Site mean differences  
EAR 
Site mean differences  
Asaro  Karkar Hiri Asaro  Karkar Hiri 
Total energy (kJ/day) 9400 -1818 -2356 -2089 7600 -537 -828 -706 
Protein (g/day) 52 -7 -9 -2 47 -4 -5 +1 
Total fat (g/day) 106 -56 -57 -59 72 -25 -22 -25 
Iron (mg/day) 6 +7 +5 +4 8 +4 +3 +2 
Vitamin A (µg/day) 625 -106 -213 -231 500 -22 -139 -153 
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6.4.3 Association of total energy and nutrient intakes with demographic and SES variables  
Presented in Table 12 are the results of the multiple regression analysis of three sequential models 
constructed for total energy and the selected nutrients to investigate the relationship with SES 
variables. The regression models for total energy intake, carbohydrate, and total fat fulfilled the 
multiple regression assumptions, while mean protein and iron intake showed some instability; 
therefore, the results need to be interpreted with caution. In this stage of analysis employment was 
excluded due to significant overlap with education. Vitamin A was not further investigated since 
there was no variation observed across any of the explanatory variables except site in the crude 
analysis.  
The sequential models for total energy intake were significant and the models explained 5%, 
3% and 2% of variation for models one, two, and three respectively. Site differences were 
maintained across the three models, showing that Karkar had a significantly lower energy intake 
compared to Asaro (the reference site). There were no clear trends for wealth categories or 
education.  
For the mean protein intake sequential models all models were also significant and the first 
explained 19% of variation, while the second and third models explained 22% variation. Significant 
site differences were also observed with the Hiri site having a significantly higher protein intake 
than Asaro, which was maintained across the sequential models. There were no significant 
differences across the wealth or education categories, but the results showed an increasing trend 
with increased wealth and education levels. In regard to total fat intake the sequential models were 
significant; however the explanatory power of the models were modest, explaining only 3–4% of 
the variation, and there was no significant difference across sites and no clear trend with SES 
variables. The mean carbohydrate intake models were significant, explaining 10–12% of the 
variation. Significant site differences were observed again–showing a pattern similar to that for total 
energy intake. For mean iron intake, all models were significant and models explained 19%, 18%, 
and 17% of the variation for the first, second, and third models, respectively.  Significant site 
difference was only observed in the first model and there was no clear trend in the SES variables 
categories.  
6.4.4 Examination of store-bought foods and snacks by SES variables  
In Table 13 multiple regression results for the relationship between proportions of total energy and 
selected nutrients from store-bought processed foods/snacks and SES variables, including site are 
shown. Looking at the contribution of store-bought foods, the full models for proportion of total 
energy, protein, total fat, and iron intake were all significant and the models explained 43%, 16%, 
32%, and 56% of the variation, respectively. Site differences were observed with Hiri consistently 
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showing higher intakes compared to Asaro. Karkar differed only in terms of proportion of iron 
intake from store-bought food. In terms of SES measures, there was a trend towards increasing 
proportion with increasing wealth for all dietary components, but it only reached significance for 
the proportion of protein intake for the highest wealth quantile.  
As for store-bought snacks, the models were again significant, but only the protein and total 
fat models showed significant site differences (Hiri and Karkar showed significantly higher 
proportions than Asaro) and the SES measures had no clear pattern of association.  
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Table 12. The association of participants’ components of diet (total energy, protein, total fat, and carbohydrate and iron intake) with site and SES indicators 
examined using three multiple linear regression models to control for covariates: β Coefficients are presented.  
Variables / Models  
Total energy intake (kJ) Protein intake (g)  Total fat intake (g) Carbohydrate intake (g) Iron intake (mg) 
 1  2  3 1 2 3  1 2  3 1 2 3 1 2 3 
Study site                 
 Asaro  - Ref                
 Karkar -1185.5* -915.3* -965.6* -4.1 -4.0 -4.8 0.2 0.3 0.3 -80.2* -67.5* -70.7* -4.4* -3.8 -3.6 
 Hiri -314.0 -294.1 -433.6 25.7* 22.1* 21.3* 0.3 0.4 0.4 -6.4 -17.9 -29.1 -8.4* -8.0 -7.8 
Wealth quantile within 
sites 
               
 Lowest  Ref                
 Lower  than average   -22.6 -44.6  2.1   1.7  -0.1 -0.1  -15.8 -17.4  0.1 0.02 
 Average  -261.4 -284.2  2.3 1.6  0.01 0.01  -19.2 -21.1  -0.1 -0.5 
 Higher than average   -70.6 -112.8  6.6 5.5  0.1 0.1  6.6 4.7  -1.2 -1.4 
 Highest  190.9 243.7  7.5 4.7  -0.2 -0.3  15.7 17.3  0.2 0.2 
Education                 
 No education  Ref                 
 Primary    105.5   1.7   0.1   9.0   -0.1 
 Secondary/tertiary   302.4   6.9   0.1   21.1   -0.3 
Gender                 
 Male  Ref                
 Female -834.1* -813.5943 -754.0 -6.8* -7.0* -5.4* -0.1 -0.05 -0.3 -41.4* -38.8* -36.0 -.81 -1.1 -1.2 
Age group                 
 15–30  Ref                
 31–49 5.7* 17.6 45.2 -1.0 -0.5 0.6 -0.01 -0.05 0.002 3.6 6.1 6.1 -0.6 -0.7 -0.8 
 50+ -346.8 -259.6 -222.1 0.3 1.3 3.0 -0.3 -0.4 -0.3 -5.7 0.3 0.4 -1.4 -1.1 -1.05 
Marital status                  
 Married  Ref                
 Never married  -240.9 -197.0 -200.5 -4.8 -4.3 -3.5 -0.04 -0.04 0.02 3.1 2.7 0.8 -1.4 -1.2 -1.3 
 Separated/widowed 330.6 208.8 197.9 3.0 1.8 -0.1 -0.02 -0.05 -0.1 12.5 12.7 12.1 1.3 1.3 1.2 
 
                
P-value * * * * * * * * * * * * * * * 
R-squared 0.06 0.05 0.05 0.20 0.23 0.24 0.04 0.06 0.07 0.13 0.13 0.12 0.20 0.20 0.19 
Adjusted R-squared 0.05 0.03 0.02 0.19 0.22 0.22 0.03 0.04 0.04 0.12 0.12 0.10 0.19 0.18 0.17 
# The three sequential models were adjusted for gender, age group, and marital status and significance was observed at *=p-value<0.05. Total fat variable was log transformed for the 
regression analysis. 
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Table 13.  The association of proportion of total energy and nutrients (protein, total fat, and carbohydrate and iron) from store-bought foods and 
snacks with site and socioeconomic factors examined using multiple linear regression to control for covariates: β Coefficients are presented.  Total 
number observations included for the contribution from store-bought food model n=375 and store-bought snacks n=266.  
Variables / Models  Store-bought foods  Store-bought snacks   
 
Total energy (kJ) Protein (g) Total fat (g) Iron (mg) Total energy (kJ) Protein (g) Total fat (g) Iron (mg) 
Study site          
 Asaro  Ref         
 Karkar 3.4 3.3 -2.3 14.3* 8.1 12.8* 17.1* 8.9 
 Hiri 32.9* 13.0* 31.5* 49.8* 7.3 5.3* 19.3* 15.0 
Wealth quantile within sites         
 Lowest  Ref         
 Lower  than average  -1.5 -5.0 0.7 -4.1 5.2 4.1 2.7 2.7 
 Average 4.2 3.4 4.7 4.1 6.6 5.01 7.0 3.8 
 Higher than average  9.0 7.3 8.5 6.9 1.5 1.4 6.3 4.3 
 Highest 12.5 14.5* 13.4 6.6 1.5 0.3 0.3 1.4 
Education          
 No education          
 Primary 2.5 3.4 0.3 0.9 -0.4 0.1 -6.5 -0.3 
 Secondary/tertiary  4.9 6.4 5.7 1.6 -0.9 0.01 -5.0 -1.7 
Gender          
 Male  Ref         
 Female -2.4 -2.0 -2.0 -1.9 2.8 3.2 3.9 1.8 
Age group          
 15–30  Ref         
 31–49 -6.2 -6.8 -4.5 -8.6 -7.5 -6.2 -0.2 -5.2 
 50+ -6.0 -4.3 -3.4 -7.0 -8.6 -9.1 -7.2 -8.4 
Marital status           
 Married  Ref         
 Never married  -2.2 2.3 -2.2 -5.3 -7.9 -7.04 -2.4 -7.2 
 Separated/widowed -4.2 -4.4 -0.8 -7.1 -2.8 -0.8 7.4 -2.2 
 
         
P-value * * * * * * * * 
R-squared 0.45 0.19 0.34 0.58 0.11 0.10 0.17 0.26 
Adjusted R-squared 0.43 0.16 0.32 0.56 0.05 0.05 0.12 0.22 
# Full model of each outcome variables is presented, adjusted for gender, age grou,p and marital status and significance was observed at *=p-value<0.05. 
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6.4.5 Food group analysis  
Appendix 10 provides information on the food group analysis, summarised in terms of proportion 
of eating occasions for each food group categorised by food source across the sites. The results 
show that “grains (cereal) foods”, “vegetable and legumes/beans”, “meats and poultry, fish, eggs, 
tofu, nut, and seeds”, and “beverages” comprised the bulk of eating occasions. The food groups 
with highest proportion in Asaro was “vegetable and legumes/bean” (60.0%) followed by “grain 
(cereal) foods” (21.0%). For Karkar the highest proportions were for “vegetable and 
legumes/bean”(71.7%) and “meats and poultry, fish, eggs, tofu, nut, and seeds” (14.6%). In Hiri 
these specific groups were less dominant with 38.3% of occasions including “grains (cereals) food” 
followed by “meats and poultry, fish, eggs, tofu, nut, and seeds” (26.2%).  
Few of the food groups consumed in these sites were identified as processed/ultra-
processed. Of these, only “processed fish & other seafood” was commonly consumed with it 
making up 38% of the “meats meats and poultry, fish, eggs, tofu, nut, and seeds” food group in 
Asaro, 29% in Karkar and 20% in Hiri. Tinned fish was the main individual food contributing to 
this group.  The other processed/ultra-processed groups were “canned fruit”, “beverages” and 
“sauces, pickles, soups, snack foods & miscellaneous”, each making a small contribution to eating 
occasions.  
 As far as food fortification is concerned in PNG, rice, categorised under “grains (ceareal) 
foods” is the only food item fortified for iron, thiamine and niacin. The results show eating 
occasions of rice is lower compared to starch vegetables in Asaro and Karkar while in Hiri rice 
eating occasions is higher than that of starch vegetables. 
  
 
6.5  Discussion and Conclusion  
6.5.1 Results summary  
Information on the nutrition transition at household and individual levels and the relationship with 
SES measures is limited in PNG. This study utilised cross-sectional individual adult 24-hour recall 
dietary data and SES measures (wealth, education, and employment) to explore the possible 
differences in the dietary practices associated with SES factors across the sites.  The results showed 
significant community-level (site) differences in total energy, protein, carbohydrate, iron, and 
vitamin A intakes. After adjusting for demographic factors, the results showed no clear association 
with wealth and education at the household and individual-level SES measures. However, there was 
a increasing increasing trend with the intake of Protein as wealth increased. Compared to the EAR, 
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results from all sites showed inadequate intakes for all dietary factors except iron, with a particularly 
low total fat intake. In terms of food sources, the results show that store-bought foods make a major 
contribution to intakes in Hiri 33% more of total energy compared to Asaro, with a particular impact 
on total fat and iron intakes. The differences were smaller for store bought snacks, with 5–19% 
differences shown for both protein and total fat for Karkar and Hiri in comparison with Asaro. 
These results are discussed below. We also compare the results with previous nutrition 
studies in these sites to explore the nutrition transition in terms of diet quality. While longitudinal 
studies are preferred to investigate and quantify dietary change over time, the approach we use 
provides a robust basis for considering qualitative changes over time and core aspects of nutrition 
transition.  
6.5.2 Characteristics of diet quality and SES measures across sites in relation to nutrition 
transition  
 
6.5.2.1 Protein intake  
Previous studies have shown variation in protein intake across population groups in the country with 
increased intakes resulting from introduction of cash cropping and employment with mining, and 
important urban/rural differences [83, 91, 119, 156, 238]. We have shown significant site 
differences in protein intake, with Hiri participants reporting significantly higher protein intakes 
(from fresh fish and tinned meat/fish) than their counterparts in Asaro. As mentioned earlier on, the 
Hiri site is directly impacted by the LNG project. It is comprised of peri-urban villages and is 
situated on the outskirts of Port Moresby, while Asaro and Karkar are rural communities.  
Consequently, Hiri residents have access to higher-wage employment than is typically seen 
in rural communities. This is reflected in the distribution of wealth across the communities shown in 
Table 2, where almost two-thirds of Hiri residents are in the highest wealth quantile, while half of 
the Asaro residents are in the lowest quantile. Income from LNG project employment contributes to 
this. In the 1980s, Ulijaszek and colleagues reported that mine workers showed a higher intake of 
total protein than non-workers, similar to present results [156]. When we considered the effects of 
wealth quantile within sites, wealth did significantly contribute to the model, though there was an 
increasing positive trend. Rural-urban differences in the food supply could be another reason given 
urban centres have access to a broader range of protein-rich foods. A study conducted by Hodge in 
the 1990s compared dietary intakes in an urban Koki-Wanigela population in Port Moresby with 
their relations living inland in a rural village and showed the urban population had a higher protein 
intake. The higher protein intake in Hiri that we observed also reflects the findings of the study 
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described in Chapter 4 in which Hiri participants consumed a much broader range of protein-rich 
foods than the other sites [233].  
6.5.2.2 Total fat intake  
Nutrition transition studies highlight the significance of trends and patterns of fat intake for 
understanding changes in diet structure and quality. In this study results from the adjusted multiple 
regression showed no significant site differences and wealth quartiles were observed to have no 
association with total fat intake. Total fat intake was also quite low compared to Australian EAR 
across all groups. Surprisingly, the Hiri site showed no difference from the other sites even though 
frying was much more common [233]. The previous study by Hodge et al, reported a higher intake 
of total fat in the Koki-Wanigela population in Port Moresby, of 71 grams for men and 65 grams for 
women, compared to 43 grams in their Hiri site [91]. This difference could be explained by the 
locations whereby Koki-Wanigela people live within the city of Port Moresby and lead an 
exclusively urban lifestyle, while their Hiri site is located outside of Port Moresby. Yamauchi et al. 
also found that proportion of total energy intake from fat was higher in Tari migrants in Port 
Moresby compared to their counterparts in the village [155]. The differences from our results could 
be due to changes in the availability of inexpensive cooking oils over the last 20 years. As we 
reported in Chapter 4, inclusion of cooking oil in meals was widespread, with it being commonly 
added to boiling foods in Asaro, and Karkar has the additional availability of coconut for use in food 
preparation. The 2003 Food and Agriculture Organization (FAO) analysis of food exports and 
imports for PNG indicates an increasing trend in vegetable oils and this might be reflected in our 
study populations [236]. Inclusion of fat in diets across PNG is becoming common and changes in 
food preparation are important in relation to the nutrition transition. However, the overall quantities 
of fats consumed appear to be relatively low in our study populations. 
6.5.2.3 Total energy intake  
Relatively low intakes were also reported for total energy, with the Karkar site reporting a 
significantly lower total energy intake than Asaro’s. Wealth quantile had no association with total 
energy intake. Other studies have shown that populations with access to disposable income from 
mining employment and cash cropping were found to higher energy intakes from store-bought food 
to supplement their diets [118, 156]. However, levels of physical activity also influence intakes. 
Yamauchi et al. found that although Tari migrants in Port Moresby have energy-dense diets, total 
energy intake was higher for the villagers who engaged in intensive subsistence activities [155]. 
Ulijaszek also pointed out that Western Samoans who were less modernised and still performed 
subsistence activities had higher intakes compared to American Samoans due to the demands of 
intense physical activity [225]. Overall, the site differences we found can  probably be attributed to a 
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combination of these factors, with no clear evidence to suggest that the SES factors having a 
dominant effect.   
6.5.2.4 Micronutrients – iron and vitamin A intake  
Mean iron intakes were higher than the EAR, but the main sources differed across sites. In Hiri, 
store-bought food was a major source (Table 5), though the overall levels of intake were lowest in 
Hiri (Table 4). The results did not show a strong parallel between protein intake and iron intake, 
suggesting that non-meat dietary sources of iron were also important. This could be due to intake of 
green leafy vegetables, a common component of main meals for all sites, but particularly in Asaro 
which showed a higher iron intake than Karkar and Hiri. Though vitamin A was expected to be 
higher in Asaro, given the fact that sweet potato is a staple in the area and a rich source of pro-
vitamin A, intake was lower than the EAR. Overall, compared to Karkar and Hiri, Asaro had higher 
intakes of iron and vitamin A, indicating advantages due to its fertile land for gardening that allow 
for a mixed diet from garden foods.  
6.5.3 Implication of nutrition transition on quality of diets  
It is important to note that this study found a lower total energy intake compared to the EAR of 
Australian adults and that total fat intake was also lower. In addition, the effects of processed/ultra-
processed on diets appear to be minimal due to the low range of processed/ultra-processed foods 
reported in Asaro and Karkar. Hiri showed a wider range of processed/ultral-processed foods, 
though the foods were often consumed in relatively small quantities.  
These results may suggest that obesity may not yet be a widespread problem at the 
population level as observed in neighbouring PICs, such Tonga and Samoa [64, 67, 227]. An NCD 
risk factor study conducted by Rarau et al. as part of the PNG-NCD study in our study population 
reported an overall obesity prevalence of 6 % and 15% for males and females, respectively [17]. The 
Hiri site was found to have the highest prevalence of obesity (males 13% and females 29%) 
compared to Asaro (males 2% and females 10%) and Karkar (males 2% and females 4%) [17]. 
Increases in BMI in communities have been observed in previous studies. Hodge et al.’s 1990 study 
of Koki residents reported a prevalence of BMI >30 of 32.4% and 45.3% for males and females, 
respectively. Findings from these studies may indicate that there are specific vulnerable populations  
at high risk of NCDs.  
In contrast, undernutrition may still be a concern across PNG as the protein intake of our 
study populations showed low intakes compared to the EAR. Vitamin A intake was also low across 
the sites and was not adequate compared to the EAR. Previous studies have noted the issue of low 
protein and vitamin A intakes across communities with traditional diets which were associated with 
poor growth among children [72, 74, 80, 84]. Though studies by Ulijaszek et al. and Grossman 
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emphasised increases in protein intake among the rural populations as a result of introduction of 
store-bought foods such tinned fish and meat [118, 156]. Apart from introduced store-bought foods 
high in protein, food fortification with essential mironutritients is found to contribute towards 
improving EAR of vunerable populations that face inadequate intake. However, in our study the 
influence of food fortification appears to be limited, with rice being the only food item fortified and 
it is only common in Hiri, with consumption in Asaro and Karkar reported to be low.  
Overall, our results indicate that diet quality relates to the food supply system, with a strong 
ongoing reliance on subsistence food production and traditional diets in our study sites. Most 
changes are occurring at community-level, rather than being driven by changes in the social and 
economic circumstances of individuals and households. The widespread uptake of cooking oils and 
consumption of store-bought snacks reported in Chapter 4 has not yet led to the adverse diet quality 
outcomes described elsewhere. The other studies cited suggest that the situation is different in Port 
Moresby and possibly other major urban centres in PNG.   
6.5.4 Strengths and limitations of diet and SES data collection measures  
A strength of this research was the work undertaken to established the feasibility of using the 24-
hour recall technique, with interview guides and aids formulated from the extensive background 
research work reported in Chapter 4. The validated interview aids and survey processes as well as 
fooding coding database for processing dietary data will be available for use in other studies in PNG 
populations and neighbouring PICs with subsistance societies and similar cultures for diet 
assessment. Though there are some limitations in these measures and processes. Firstly, while using 
a single day is well established for estimating mean nutrient intake for groups, obtaining a recall for 
more than one day is preferred for reflecting the distribution of usual dietary intakes for individuals 
[139, 233]. An outcome of using a single day is that it provides less statistical power to detect 
significant associations where they exist. Consequently some of the trends we observed in the 
association between diet quality and SES measures may in time prove to be significant.  
Secondly, under-reporting is a well documented issue for most dietary assessment methods 
[131]. This source of bias is not expected to affect the analyses that examined the relationships 
between diet quality and SES measures, but it can  potentially affect the comparisons with EARs. 
However, there is no evidence that under-reporting affected our study any more than other dietary 
studies reported in PNG.  Consequently, comparisons with other similar studies in the literature are 
expected to be valid. Finally, we have examined evidence for the nutrition transition in the three 
sites at one point in time. While we have been able to use the literature to assess change to some 
extent, follow-up studies will provide more robust data to observe dietary transitions.  
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6.5.5 Conclusion   
In this manuscript we examined the nutrition transition underway in terms of diet quality in three 
sites in PNG, two rural and one peri-urban, selected to represent different patterns of socioeconomic 
change. The results showed clear evidence for differences in the measures of diet quality across 
sites at the community level, reflecting community-level differences in economic development. 
Similar associations were not found between diet quality and household and individual level SES 
measures. This supports the results of Chapter 4 with regards to the ongoing reliance on subsistence 
food production, with the nutrition transition mainly influencing broadly practised food habits 
through the use of cooking oils and consumption of store bought snacks. While these are 
documented to have adverse health outcomes in other settings, they do not appear to be having the 
same impact in these sites at this stage. These findings possibly demonstrate that nutrition transition 
may be occurring in different ways across PNG, which point out that understanding the variation in 
changes is important for developing public health initiatives.  
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CHAPTER 7  Results: Nutrition Transition and Physical Activity Patterns 
Across Three Populations in Papua New Guinea 
 
7.1 Chapter summary  
This chapter addresses objectives 5 and 6 under research question 2. It presents PA results based on 
the PNG-PAQ data collected in the population survey. It also provides information on the PA 
patterns and levels, and examines the association with SES variables across the study sites. 
Comparision is be made with previous PA information to examine any changes that may indicate a 
transition in PA patterns in our study populations. The chapter is organised in manuscript format 
with a background, method, results, and discussion sections. 
 
7.2 Introduction  
7.2.1 Nutrition transition and change in physical activity patterns 
The concept of the nutrition transition involves large shifts in dietary patterns and changes in 
physical activity patterns from an active way of life comprised of high intensity activities towards 
more sedentary lifestyles [22]. This transformation has been identified as an independent risk factor 
for obesity and associated non-communicable diseases (NCDs) [58, 60, 239]. The World Health 
Organization (WHO)-recommended levels of physical activity (vigorous physical activity 
(VPA)≥75 or moderate physical activity (MPA)≥150 minutes/wk. and VPA≥150 or MPA≥300 
minutes/wk.) have been set for health purposes including reducing the risk for NCDs [60]. Global 
inactivity is a growing concern as only 1 in 4 adults worldwide meet the WHO recommendations 
for physical activity [60].  
In high- and middle-income countries, changes in economic structure towards industrial 
evolution and urbanisation have brought major shifts in activity patterns, particularly in 
employment with increased sedentary manufacturing of products and services [7, 22, 57]. Marked 
changes in time allocation for household duties have been documented with an increase in the use 
of technology, such as washing machines and leisure time for screen watching [13, 57]. The role of 
socioeconomic measures, transition processes, and rate of change varies across countries and 
populations [9, 10, 13, 22]. In parts of India, low-income and less educated groups had higher 
prevalence of inactivity, while the reverse was reported in populations in the capital cities of 
Vietnam and Burkina Faso [211]. The overall changes in activity patterns taking place towards 
increasing sedentarism across industrialised countries appear to be very much influenced by 
economic growth, environment, and the cultural orientation of the populations [9, 15 22].  
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7.2.2 Changes in patterns of physical activity and implications among populations in the 
PICTs 
In the Pacific Island Countries and Territories (PICTs) activity patterns also show general shifts 
towards low physical activity lifestyles, with less labour-intensive activities such as making gardens 
and gathering food, and travel to destinations by walking or manually paddling canoes [15, 205, 
240, 241]. Rapid urban migration draws more people into urban centres who start to engage in 
sedentary employment in offices or in informal work such as marketing of crafts and food, as well 
as watching TV or movies with the availability of electricity [68, 74, 79]. The Asian Development 
Bank (ADB) predicts that by 2020 half of the population of most of the Pacific Islands will be 
living in urban centres [242]. Among Tongan adolescents, half reported low levels of physical 
activity and most young people watch at least an hour of TV or video per day [205]. In Fiji it is 
noted that improvement of the road system and increased electrification in rural areas are directly 
associated with the increasing prevalence of obesity [243]. In many of these island communities, 
tourism activities have also caused a shift from subsistence activities, though the patterns of change 
differ across the island nations based on cultural background and  level of modernisation and 
urbanisation [15, 64, 65, 66, 71]. More than half the population of some of the PICTs are 
overweight or obese, and NCDs account for 80% of morbidity in the region [68]. Consequently, 
apart from changes towards high-risk diets with increased consumption of animal fat and oils and 
sweetened beverages intake, physical inactivity has become an important contributing factor to the 
increasing lifestyle diseases in the PICs [63, 67].  
7.2.3 Changes in physical activity patterns and associated factors in PNG  
Although Papua New Guinea (PNG) has been undergoing major economic growth and expansion of 
its urban centres since colonisation and Independence, about 80% of  its 8 million population still 
live in rural villages. The country is composed of 22 provinces of diverse cultural background and 
is geographically classified into four major regions: the Highlands, Southern, Momase, and Islands. 
It is difficult to clearly describe the trends for activity patterns in PNG due to sparse data on 
physical activity in the country. In general, changes in activity patterns in PNG are likely to undergo 
shifts from traditional lifestyles to a more sedentary one, as experienced in towns and cities. 
Ppeople in PNG have traditionally engaged in intensive subsistence activates, including: food 
cultivation, and hunting, fishing, and gathering food; building fences, canoes, and houses; and, most 
importantly, transportation by walking and canoeing to access neighbouring villages as documented 
by various studies [73, 86, 150].  Since colonisation, PNG has more infrastructure, with road 
 110 
 
networks through the ragged mountain terrains; and the introduction of motor vehicles has largely 
changed the form of transportation over longer distances. Labour requirement and time allocation 
for subsistence activities has also changed in some areas with the introduction of cash cropping and 
mining and logging industries in rural locations. Land use for these industries has also reduced land 
for gardening and therefore resulted in a decrease in labour-intensive work in these areas. More 
people have been educated and taken up office jobs in urban centres; and migrants with informal 
employment have moved to towns and cities in search of better opportunities. Such changes brought 
about by urbanisation that contribute to sedentary lifestyles in PNG is documented in studies by 
Yamauchi et al. and Umezaki et al. who compared physical activity levels (PAL) and time 
allocation of Tari urban migrants and village dwellers [155, 206]. So while there have been 
relatively few studies of physical activity patterns in PNG, they indicate that building of 
infrastructure, introduction of cash cropping, urbanisation, and growth in natural resources 
extraction such as mining and logging have all played an important role in shifting physical activity 
patterns in PNG.    
7.2.4 The context of the study and the specific aims and objectives  
Among the handful of community-level physical activity studies and broad observations of likely 
shifts in activity patterns among demographically and culturally diverse populations in PNG,  few 
use a consistent methodology across several locations to compare and understand physical activity 
patterns. This study aims to describe physical activity patterns and evidence of shifts in physical 
activity patterns associated with the nutrition transition, by examinating crosssectional physical 
activity (PA) data among three culturally and economically different sites: Asaro, Karkar, and Hiri. 
The research work involved establishing time spent on major activity domains and physical activity 
levels in terms of sedentary and moderate to vigorous physical activity (MVPA) and identified 
potential shifts and differences across the study populations. In addition, the study hopes the 
physical activity information from this work would provide an understanding of the extent of 
changes in physical activities to inform public health initiatives for prevention of NCDs.  
 
 
7.3  Methods 
7.3.1 Study sites and population  
Three unique study sites were included in this study: Asaro in the Eastern Highlands Province of the 
Highlands regions; Karkar, an island community located on the east coast of Madang Province in 
the Momase region; and Hiri, which comprises peri-urban villages situated on the outskirts of Port 
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Moresby in the Southern region. Of the three sites, Asaro and Karkar are subsistence-based 
communities, with cash cropping of coffee and fresh vegetables taking place in the former and 
cocoa and coconut growing in the latter. While in Hiri subsistence activities are maintained in Hiri, 
the people are also engaged in the informal sector of selling at markets and on the street as well as 
being employed in the formal sector. A major difference compared to Asaro and Karkar, is that 
people in Hiri also have paid employment opportunities available to them in the nearby city (most 
notably the PNG Liquified Gas Project in Hiri which was in operation during the study). The Hiri 
site is also most exposed to urbanisation and modernisation as the colonial government and 
associated infrastructure was first established in Port Moresby and other coastal locations before 
moving inland into the Highlands. Karkar is also said to have been strongly influenced by the long 
history of religious institutions on the island, particularly the Lutheran Mission which was 
established in the 1930s. Further background on the study sites has been reported elsewhere [17].   
7.3.2 Study design  
This study applied a cross-sectional study design which was part of the PNG NCDs and associated 
risk factors study (PNG NCDs Study) overseen by a larger project conducted by the PNG Institute 
of Medical Research (PNGIMR). The study was undertaken from 2011 to 2014 and involved adults 
aged 16–65 years of age. The study sample framework was based on an updated full population 
census undertaken in the integrated Health and Demography Surveillance Sites (iHDSS) by 
PNGIMR. The adult population was stratified by age (15–29, 30–44, 45–65 years) and gender, and 
a simple random sample of 300 adult participants was selected from each iHDSS site. The sample 
size of 300 participants was statistically adequate to represent each sites. People with a physical 
disability or mental illness were excluded, together with women who were pregnant at the time of 
the study. Additional details of the study design and processes is presented in Chapter 6 and 
published elsewhere [17]. Ethical approval was obtained from the PNGIMR Internal Research 
Board (PNGIMR-IRB) and the PNG-MARC. 
7.3.3 Physical activity assessment 
This study used the PNG Physical Activity Questionnaire (PNG-PAQ) to assess physical activity. 
This questionnaire was designed to estimate total time spent on physical activity and sedentary 
activities and MVPA during the previous week. The PNG-PAQ consists of 26 questions under five 
domains work/study, subsistence/cash cropping, household chores, transport, and leisure. The 
work/school domain refers to paid employment and school activities. Subsistence/cash cropping 
includes all gardening activities, animal rearing, and cash cropping activities for coffee, fresh food, 
cocoa, and coconuts. Household chores involve all food preparation, cleaning inside and outside the 
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house, childcare, and building or repairing. Transport refers to traveling to and from places. The 
leisure domain consists of activities undertaken apart from responsibilities in the other domains, and 
is sometimes referred to as free time. The questions are asked at three levels: number of days, hours, 
and minutes spent doing the various activities in each domain. The questionnaire is inclusive of all 
levels of physical activity (sedentary, light, moderate, and vigorous), however sleep time is not 
captured given the focus of this research was shifts in types of activities with specific interest in 
MVPA. The PNG-PAQ was developed for use in these study populations, given that existing 
international physical activity questionnaires, such the commonly used International Physical 
Activity Questionnaire, were not suitable for the subsistence populations. More details on the 
development and validation of the PNG-PAQ are provided in Chapter 5. 
As part of the PNG NCDs Study, this study followed the collection process as detailed by 
Rarau et al [17]. Briefly, eligible participants were visited in their homes by scientific officers, 
whereby the nature of the survey was explained to them, and their consent was obtained. The 
questionnaire containing the PNG-PAQ was completed by a research officer during a face-to-face 
interview with each participant. The interview was conducted in Pidgin English, a PNG national 
language widely spoken in PNG, and in cases where participants did not understand or speak the 
language, a local field reporter was present to translate to local dialect. The PNG-PAQ takes an 
average of 30 minutes to complete. To enable consistency in administering the questionnaire, a 
selected member of the research team was responsible to administer the questionnaire during the 
course of the study. The team leader also had a fortnightly debriefing to ensure consistency across 
sites.  
7.3.4 Demographic, SES measures, and Body Mass Index 
The demographic and SES measures are based on participant reports from the main PNG NCDs 
study. The weight and height of participants was also measured during this survey using standard 
methodologies and the WHO criteria for BMI categories [17]. Chapter 6 provides more detail on the 
calculation of wealth quantiles. 
7.3.5 Calculation of activity indicators 
The data was quantitative and incorporated time in hrs and minutes, with continuous variables of 
total average minutes of physical activity per day for each of the activities. Background to the 
categorisation of these activities as sedentary, light, moderate, and vigorous and treatment of sleep 
time is described in Chapter 5. For the purposes of the analyses presented here, the data for each 
participant were summarised as overall total, total minutes per day spent on activities in each 
domain, and totals for sedentary activities and MVPA in minutes per day. Indicators for compliance 
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with the WHO recommended activity categories were also calculated: category 1) vigorous physical 
activity (VPA) ≥75 min/w or moderate physical activity (MPA) ≥150 min/wk; or category 2). 
VPA≥150 min/w or MPA≥300 min/wk [60, 244].   
7.3.6 Statistical analysis 
The main PNG NCDs Study data was entered into Excel and the PNG-PAQ individual physical 
activity data were extracted and transferred into an Excel spreadsheet for initial cleaning. The final 
cleaning and analysis was carried out using Stata (Version 13.1, StataCorp, College Station, Texas). 
Firstly a descriptive analysis of continuous and categorical variables was conducted to observe 
distributions. Differences for continuous variables were assessed by a Kruskal-Wallis test and for 
the categorical variables, a Chi-squared test was applied. To examine factors associated with 
physical activity outcomes, multiple linear regression analysis was conducted using three sequential 
models, whereby the site and SES variables (wealth and education) were included into the models 
one at a time to build the full model and observe the impact of adding the variables. Demographic 
variables (gender, age, marital status) were included as covariates to control for the effect of 
differences in these across sites. 
 
 
7.4 Results  
7.4.1 Characteristics of the Participants  
The characteristics of the study participants is presented in Table 14. There were a total of 772 
adults with a mean age of 39 years, of which 47% were male and 53% were female. There were no 
differences in regards to age and age group across sites. Significant differences were observed 
across sites for marital status, SES measures (education, employment, and wealth quantiles across 
sites) and categories of body mass index (BMI). The Asaro site had the highest number of 
participants with no education (44%) and secondary/tertiary education (48%) was highest in Hiri. 
Similar differences were observed for employment, where Hiri had five times more participants 
with cash-earning jobs. The wealth quantiles calculated across sites showed that 78% of participants 
in Asaro were within the lowest quantiles (1st and 2nd), 83% of Karkar participants were within the 
average quantiles (2nd and 3rd) while 95% of Hiri participants were within the higher quantiles (4th 
and 5th). Given the site differences in terms of calculation of wealth quantile across sites, within site 
quantiles were calculated and used for the regression analysis. In terms of BMI levels, obesity was 
lower in Asaro and Karkar (6.4% and 2.8%, respectively) while it was higer in Hiri 22.4%.  
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7.4.2 Distribution of time spent on activity domains  
In Table 15 time spent on the five major activity domains and total time reported are shown. The 
results showing significant differences across sites for all activity domains and the totals. In Asaro, 
the total mean time for physical activity was 5 hours higher than that for Hiri and 7 hours greater 
than that for Karkar, suggesting differences in the interpretation of the questionnaire and/or in 
completeness of reporting.   
Hiri participants reported 2 hours more of doing work/school activities, compared to Asaro 
and Karkar. In comparision to Hiri particpants, Asaro participants spent at least 4 hours more in 
subsistence/cash cropping and Karkar participants reported spending 2 hours more. Time spent on 
household chores were similar for Asaro and Hiri, but lower in Karkar. In terms of transport, Asaro 
participants spent more time (2.5 hours) compared to their counterparts in Karkar and Hiri. All sites 
spent more than 3 hours on leisure time, Asaro and Hiri participants spending just over 3 hours and 
Karkar participants spending almost 5 hours.  
7.4.3 Distribution of physical level and compliance with WHO recommendations 
The crude results for activity levels by site, and by SES and demographic variables are presented in 
Table 16. With regards to time spent on sedentary activity, significant differences were only 
observed across sites, which showed Asaro with the highest time. For time spent on MVPA, 
significant differences were found for site (Asaro highest), education (no education highest) and age 
group (youngest highest), reflecting the patterns for total time spent on physical activity.  
Compliance with the WHO-recommended physical activity category 1 significantly differed 
across sites and education. The proportion of participants that met the category 1 was highest in 
Asaro, with half of the participants reaching the category 1 (which is really an indication of time 
spent on MVPA). The results for category 2 were similar. There was no significant difference 
across wealth quantiles and employment categories for the physical activity levels or WHO-
recommended physical activity categories.  
7.4.4 Factors associated with physical activity across sites 
Table 17 reports results from the multiple regression analysis of total mean time spent on sedentary 
and MPVA per day, assessing the association with site, wealth quantiles and education, adjusted for 
demographic covariates.  
The overall models for time spent on sedentary activity were significant in the first and 
second model, but explained a low proportion (~2%) of the variation within the study populations. 
Model-1 and model-2 showed significant site differences, of which Karkar and Hiri showed less 
time of 40 and 54 minutes/day, respectively, compared to Asaro in model-1. In model-2, Hiri 
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maintained the significant differences of 50 minutes/day compared to Asaro. As for time spent on 
MVPA, all three of the sequential models were significant and explained 6% in the model-1 of 
variation in the study population and decreased to 5% as wealth quantiles and education were added 
to the subsequent models. Site difference was again observed in all models, with Karkar showing a 
significantly lower MVPA of 54.9 minutes/day compared to Asaro. Wealth quantiles and education 
did not show any significance differences or trends.  
We note that the trends for gender conformed with expected outcomes across all models, in which 
females spend more time on sedentary activities and less MVPA, though gender differences were 
only statistically significant for the MVPA models. Age group showed an unexpected trend that 
showed the oldest age group spending less time on both sedentary activities and MVPA.  
 
 
Table 14. Characteristics of participants who answered the physical activity questionnaires in the 
three study sites.  
    Asaro  Karkar Hiri Total  p-value 
  n=254 n=252 n=266 N=772  
Average age (in years) mean(SD) 39.8 39.0 38.9 39.2 0.7 
Age group % (n)      
 15–29 27.2 (69) 29.3 (74) 27.4 (73) 28.0 (216) 
0.9  30–45 42.5 (108) 41.7 (105) 45.1 (120) 43.1 (333) 
 46+ 30.3 (77) 29.0 (73) 27.4 (73) 28.9 (223) 
Gender      
 Male  50.8 (129) 46.3 (117) 42.9 (114) 46.6 (360) 0.2 
 Female  49.2 (125) 53.6 (135) 57.1 (152) 53.4 (412) 
Marital status n (%)       
 Married  68.0 (157) 73.9 (184) 67.1 (167) 67.1 (167) 
<0.0001  Never married 16.4 (38) 22.1 (55) 24.9 (62) 24.9 (62) 
 Divorced/widowed 15.6 (36) 4.0 (10) 8.0 (20) 8.0 (20) 
Education n (%)       
 No education 43.7 (100) 4.1 (10) 1.3 (3) 16.1 (113) 
<0.0001  Primary  42.8 (98) 78.7 (192) 50.2 (116) 57.7 (406) 
 Secondary/tertiary 13.5 (31) 17.2 (42) 48.5 (112) 26.2 (185) 
Employment n (%)       
 Subsistence farming 85.4 (199) 79.5 (198) 54.1 (140) 72.5 (537) 
<0.0001  Student 8.2 (19) 13.7 (34) 11.6 (30) 11.2 (83) 
 Cash-earning occupation  6.4 (15) 6.8 (17) 34.3 (89) 16.3 (121) 
Wealth quantile across sites % (n)     
 
 Lowest 52.5 (115) 10.1 (20) 0.0 (0) 20.1 (135) 
<0.0001 
 Lower than average  25.6 (56) 39.7 (79) 0.0 (0) 20.1 (135) 
 Average 15.5 (34) 43.7 (87) 5.1 (13) 20.0 (134) 
 Higher than average 5.5 (12) 6.5 (13) 43.1 (109) 20.0 (134) 
 Highest 0.9 (2) 0.0 (0) 51.8 (131) 19.8 (133) 
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Wealth quantile within sites % (n)     
 
 Lowest 19.6 (43) 19.1 (38) 21.8 (55) 20.1 (136) 
0.9 
 Lower than average  19.6 (43) 20.1 (40) 18.6 (47) 19.3 (130) 
 Average 20.2 (44) 20.6 (41) 18.6 (47) 20.1 (136) 
 Higher than average 19.6 (43) 20.6 (41) 20.5 (52) 20.1 (136) 
 Highest 21.0 (46) 19.6 (39) 20.5 (52) 20.4 (137) 
Body Mass Index (BMI) % (n)     
 
 Underweight 4.0 (10) 12.4 (31) 6.8 (18) 7.7 (59) 
<0.0001 
 Normal weight 66.3 (167) 76.8 (192) 46.2 (122) 62.8 (481) 
 Overweight 23.4 (59) 8.0 (20) 24.6 (65) 18.8 (144) 
  Obese 6.4 (16) 2.8 (7) 22.4 (59) 10.7 (82) 
# Chi-squared was used to test differences for categorical variables and the Kruskal-Wallis test was 
used for continuous variables 
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Table 16. Individual mean and SD of total physical hours/day and time spent on sedentary activities and MVPA in minutes/day, with proportion of 
those who meet the WHO categories of recommended weekly physical activity levels by site, SES, and demographic variables.  
   Physical activity level m(SD) Proportion of adults who meet WHO PA guideline, %  
    n 
Total 
hrs/day 
p 
Sedentary 
min/day 
p 
MVPA 
min/day 
p 
VPA≥75 min/w 
or MPA≥150 
min/wk. 
p 
VPA≥150 min/w 
or MPA≥300 
min/wk. 
p 
Study sites  772           
 Asaro 254 15.6 (8.6) 
<0.0001 
363.1 (217.8) 
0.01 
105.4 (117.2) 
<0.0001 
49.8 (210) 
<0.0001 
56.0 (167) 
<0.0001  Karkar 252 9.1 (5.2) 326.0 (159.9) 29.7 (73.0) 20.9 (88) 17.1 (51) 
 Hiri 266 11.4 (7.4) 305.7 (183.9) 93.0 (189.2) 29.4 (124) 26.9 (80) 
Table 15. Total mean minutes/day per person spent doing activities in the five activity domains by study sites 
Activity domains 
Asaro  Karkar Hiri Total  
p 
n=254 n=252 n=266 N=772 
Work/school m (SD) 36.2 (113.2) 53.1(141.2) 104.7 (243.3) 65.3 (178.6)  0.01 
Subsistence/cash cropping m (SD) 365.2 (404.9) 116.9 (203.9) 137.5 (291.3) 205.7 (330.2) <0.0001 
Household chores m (SD) 189.1 (186.4) 47.4 (53.2) 188.3 (237.6) 142.5 (190.1) <0.0001 
Transport m (SD) 140.6 (121.0) 46.5 (78.2) 78.4 (93.7) 88.5 (106.4) <0.0001 
Leisure m (SD) 206.4 (166.2) 279.9 (149.9) 173.1 (152.8) 218.9 (162.5) <0.0001 
Total m (SD) 937.5 (8.6) 543.8 (5.2) 682.0 (7.4) 720.9 (7.7) <0.0001 
# Kruskal-Wallis test was conducted to test the differences across sites  
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Wealth quantile within site  671           
 
Lowest 136 12.2 (7.4) 
0.9 
321.8 (168.8) 
0.2 
71.9 (133.2) 
0.7 
22.3 (81) 
0.2 
20.9 (54) 
0.5 
 
Lower than average  130 11.9 (7.3) 318.0 (183.5) 68.9 (131.9) 19.0 (69) 17.8 (46) 
 
Average 132 13.0 (9.4) 365.0 (206.7) 98.2 (186.6) 16.8 (61) 17.8 (46) 
 
Higher than average 136 11.4 (7.3) 322.3 (210.1) 75.3 (153.4) 21.5 (78) 20.5 (53) 
 
Highest 137 11.9 (7.4) 331.3 (192.9) 72.7 (107.4) 20.74 (74) 23.2 (60) 
Education  704           
 
No education 113 15.2 (9.7) 
<0.0001 
367.9 (242.1) 
0.4 
98.3 (117.2) 
<0.0001 
23.2 (89) 
<0.0001 
26.2 (74) 
<0.0001  Primary  406 11.3 (7.1) 324.2 (175.4) 68.2 (138.7) 54.0 (207) 51.1 (144) 
 
Secondary/tertiary 185 11.6 (7.3) 323.1 (186.1) 84.8 (161.7) 22.9 (88) 22.7 (64) 
Employment 741           
 
Subsistence farming 537 12.0 (7.8) 
0.9 
343.1 (195.9) 
0.04 
69.2 (122.8) 
0.3 
71.3 (286) 
0.50 
72.7 (208) 
0.80  Student 83 11.8 (7.2) 291.8 (147.4) 88.9 (158.5) 12.0 (48) 11.9 (34) 
 
Cash earning occupation  121 11.7 (7.2) 311.9 (193.9) 96.5 (191.6) 16.7 (67) 15.4 (44) 
Age group  772           
 
15-29 216 12.6 (7.2) 
0.01 
332.6 (169.4) 
0.5 
84.0 (135.0) 
<0.0001 
32.4 (137) 
<0.0001 
32.2 (96) 
0.01  30-45 333 12.3 (8.1) 337.0 (199.6) 80.8 (143.9) 43.8 (185) 44.6 (133) 
 
46+ 223 11.0 (7.4) 321.2 (194.2) 62.6 (139.0) 23.7 (100) 23.2 (69) 
Gender 772           
 
Male  360 12.1 (7.8) 
0.4 
317.0 (186.2) 
0.05 
92.4 (159.9) 
0.002 
51.4 (217) 
0.003 
50.3 (150) 
0.10  
Female  412 11.9 (7.8) 343.6 (192.5) 62.5 (118.7) 48.6 (205) 49.6 (148) 
Marital status  729           
 
Married  508 11.7 (7.7) 
0.1 
332.8 (192.3) 
0.5 
71.6 (131.6) 
0.3 
67.4 (263) 
0.40 
69.5 (194) 
0.90  Never married 155 12.3 (7.30 323.9 (173.9) 81.4 (141.4) 22.6 (88) 21.9 (61) 
 
Divorced/widowed 66 13.2 (8.2) 367.8 (222.3) 87.9 (193.3) 10.0 (39) 8.6 (24) 
Body Mass Index (BMI)  766           
 
Underweight 59 10.9 (5.7) 
0.7 
342.6 (228.9) 
0.8 
54.2 (100.4) 
0.02 
6.0 (25) 
0.01 
5.4 (16) 
0.03 
 
Normal weight 481 12.0 (7.9) 332.1 (181.1) 76.4 (142.8) 66.0 (276) 65.8 (194) 
 
Overweight 144 12.6 (8.2) 322.0 (192.2) 93.3 (150.70 19.9 (83) 21.0 (62) 
  Obese 82 11.7 (6.8) 346.6 (203.7) 64.3 (131.7) 8.1 (42) 7.8 (23) 
 Total hours of physical activity per day included sedentary, light, moderate, and vigorous activity, but not sleep time. Mean differences across study sites, SES, and demographic 
categories were assessed by a Kruskal-Wallis test and differences in prevalence of WHO-recommended PA per week were assessed by a Chi-squared test.  
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Table 17. Multiple regression analysis to explore the relationship between SES measures and level of 
sedentary physical activity and MVPA using sequential models, Model-1: N=729, Model-2: N=635 and 
Model-3: N=594.  
Variables  
Sedentary PA min/day MVPA min/day 
1 2 3 1 2 3 
Study site        
 Asaro ref       
 Karkar -40.5* -34.6 -19.6 -72.0* -70.7* -65.4* 
 Hiri -54.2* -50.0* -36.0 -6.7 -5.5 7.7 
Wealth quantile within sites       
 Lowest ref 
   
   
 Lower  than average  
 -12.0 -15.4  -3.1 -1.0 
 Average 
 42.2 38.6  25.8 32.9 
 Higher than average  
 0.1 5.1  3.0 9.5 
 Highest 
 10.5 13.2  -7.0 -3.5 
Education        
 No education ref       
 Primary school   -35.8   -12.1 
 High school/tertiary   -21.1   -14.0 
Gender % (n)       
 Male ref       
 Female 24.5 28.7 23.8 -31.1* -31.9* -34.7* 
Age group % (n)       
 15-30 ref 
   
   
 31-49 -24.5 -17.4 -17.3 -11.1 -16.9 -12.9 
 46+ -49.0* -48.1 -44.6 -32.8* -39.6* -32.1 
Marital status         
 Married ref 
   
   
 Never married  -24.3 -17.7 -10.6 -9.6 -13.6 -7.2 
 Divorced/widowed 29.0 36.3 33.5 13.4 14.8 15.7 
        
P-value * * 0.1 * * * 
R-squared 0.03 0.04 0.03 0.07 0.07 0.07 
Adjusted R-squared 0.02 0.02 0.01 0.06 0.05 0.05 
 The three sequential models were adjusted for gender, agegroup and marital status and significance was set 
at *=p-value<0.05. 
 
 
7.5  Discussion and Conclusion  
7.5.1 Summary of results  
The purpose of this study was to provide descriptions of physical activity patterns for the 
study sites, discuss possible shifts in relation to nutrition transition, and identify sites 
differences. The most consistent results relate to the different physical activity patterns across 
sites. Asaro participants spend about 39% of their time on subsistence/cash cropping 
activities with about 22% of time on leisure and 20% on household chores. In Karkar, 
participants reported spending half of their time on leisure activities, with about 21% on 
subsistence/cash cropping activities. The Hiri pattern was different again, with 20% of time 
on subsistence/cash cropping, 28% on household chores, and 25% on leisure. 
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While some of these differences across sites will be affected by the demographics of 
the samples, the overall patterns are retained after adjusting for these in the regression 
models. Other significant associations appear in the crude analyses, but only site, gender, and 
age group show significant associations with the physical activity measures in the fully 
adjusted regression models. The household and individual SES measures are not significantly 
associated with the physical activity measures in any of the regression models. It is important 
to note that subsistence/cash cropping activities continues to be maintained at significant 
levels across all sites. Substantial time spent on leisure activity across the sites, which also 
indicate the activity was also consistently important to the study participants.  
7.5.2 Lifestyle and activity patterns  
Findings from this study indicate that at this time a subsistence lifestyle is maintained 
combined with cash cropping in Asaro, and that transport seems to be a significant part of 
people’s lives, which in the case of Asaro, involves walking between destinations. Past 
documentation shows that subsistence activities in Asaro and the Highlands regions mainly 
incorporate sweet potato cultivation and pig rearing, an activity of cultural importance as 
payment of bride prices and in death ceremonies [86, 88, 119]. In a study by Umezaki et al, 
Tari women in the Southern Highlands were reported spending similar amounts time on 
subsistence work, as we have found [206]. Time spent on household chores in the Asaro site 
is high, this is unexpected given results from our previous study on eating behaviour which 
described people usually eating only a single meal a day and snacking through the day as 
outlined in Chapter 4. However, it is important to consider time spent on chores, such as 
fetching water and cleaning dishes in the river or creeks, cutting firewood, and washing 
clothes. This leads to the discussion of time spent on transport (travelling to destinations) that 
is significantly higher  compared to Karkar and Hiri sites, which can also be explained by 
scattered hamlets in villages and locations of gardens.  
In Karkar, the reported total physical activity of approximately 9 hours per day has 
been assessed by the research team as an under estimation by the participants in the site, 
given that about 7 hours is not accounted for if we exclude 8 hours as sleep time. 
Nonetheless, is possible to observe common physical activities from the time allocation. 
Participants in Karkar reported about half their activity as leisure time, though the amount of 
time spent on subsistence and cash cropping indicates that those activities are still essential in 
the site. The reported time spent on subsistence activities and cash cropping seems to have 
been underestimated in Karkar, a community that relies mostly on garden foods. 
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Nevertheless, time spent on subsistence/cash cropping should be lower than Asaro, given 
measures of gardening and the types of crops such as bananas, yams and taro requiring less 
time, and the limited land for garden due to land having been taken up by large coconut and 
cocoa plantations. Work/school takes up almost an hour and given Karkar Island is about 
60km northeast of the nearest town of Madang this is more likely to be labouring work and 
not an office related job.  
The Hiri site had a more even distribution, with the largest component being that of 
daily activities household chores, followed by time spent on leisure activities, and 
subsistence/cash cropping activities. Paid work/school comprised 15%, suggesting that paid 
work/school is an important part of peoples’ lives in Hiri, but still not dominant. The higher 
work/school time in Hiri compared to other sites reflects greater employment opportunities 
due to proximity to Port Moresby and the PNG-LNG project. However, the time related to 
paid work is still relatively low compared to a study by Yamauchi et al. that reported Tari 
migrants in settlements in Port Moresby spending 4.6 hrs per day on paid work. This would 
suggest that the people in Hiri do not entirely depend on paid jobs. The long hours of house 
chores may reflect preparation of three meals in a day, as reported in our previous study 
[233]. Given that Hiri households are made up of extended families, the household chores 
would require more time as indicated.    
The unexpected result across all sites was time spent on leisure activities which was 
exceptionally high and ranked first or second most frequently performed activities in a day 
(approximately 3 hours in Asaro and 5 hours in Karkar and Hiri). One possible explanation 
would be that the study population does not distinguish between leisure time and their daily 
activities, which generally involves chatting or sedentary activities, such as repairing garden 
tools or fishing gear. In PNG no previous study has specifically investigated leisure time. It 
would be important to explore this activity domain in future studies given the importance of 
monitoring leisure time to identify sedentary activities that contribute increasing inactivity.  
7.5.3 Observed physical patterns in relation to patterns in other populations  
Urbanisation and modernisation have been cited as the major explanatory factors for the 
nutrition transition in both LMICs and PICs. This is well illustrated by a study conducted by 
Taylor et al. three decades ago among Melanesian Fijians, which showed that the urban 
population had 49% of sedentary/light and 51% moderate-to-heavy activity compared to 9% 
and 91% for the rural population [204]. Our study sites have had diverse influences. Briefly, 
the Asaro site shows the least effects of urbanisation and impact from modernisation due 
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onset of colonisation and establishment of the Goroka township. This is reflected by the very 
high proportion with no educations. The second most urbanised and modernised site is 
Karkar, with a longstanding exposure to the effects of colonisation (like Hiri) since it is on 
the coast and has a long history of influence from the Lutheran Church. Again, this is 
reflected by the level of education with almost all of participants having at least primary 
education. The Hiri site is the most urbanised with the given longest period of colonisation 
and close proximity to Port Moresby. The higher level of modernisation in Hiri is indicated 
by higher levels of education, electricity supply and permanent family houses. 
If the same effects of urbanisation and modernisation described by Taylor [15] 
occurred in PNG we would expect to observe the ‘least modernised’ Asaro having least 
sedentary activity and most MVPA, and the peri-urban Hiri having more time spent on 
sedentary activities and least on MVPA, with Karkar in the middle. This was not observed. 
Further adjusted analysis to explore the effects of wealth and education, with adjustment for 
demographic differences, did not explain the site differences.  This suggests that that a simple 
narrative of social and economic development and physical activity change does not apply.   
Diverse results are also found in the literature. For example, a transition in physical 
activity as reported by Taylor et al. comes from a study conducted in Chile by Celis-Morales 
et al. who reported  urban populations were less active than those in rural areas [204]. 
However, studies that considered further SES analysis within urban and rural settings such as 
in India highlighted populations with higher education were physical active compared those 
with lower level of education in urban areas and the relationship was reversed in rural 
populations [211]. In China it is reported that lower SES groups take up less physically 
demanding employment [245]. This  shows that the effects on physical activity of 
urbanisation/ modernisation and particular SES factors varies across populations, and in the 
case of PNG, depend on the nature and rate of social/economic changes, and  likely modified 
by the culture.  
7.5.4 The health implications of the transition in physical activity patterns 
An important finding of this study is the significant site differences in compliance with the 
WHO physical activity recommendations, where for both category 1 and category 2, Asaro 
had the highest proportion of about of 50%, while the proportion in Karkar and Hiri was 
below 30%. In support of the implications of this, we also observed a significant association 
between BMI category and compliance with the recommendations, with about 80% of the 
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overweight and obese participants not meeting the WHO-recommended levels of physical 
activity, while the proportion is half this for those normal or underweight.  
7.5.5 Limitations 
There are some limitations recognised in this study. Our observation of physical activity 
reported in the Karkar site shows likely biases given the mean of 9 hours total physical 
activity reported, and if sleep time of approximately 8 hours is excluded then almost 7 hours 
is not accounted for. This applies also to Hiri, though to a lesser extent. The bias could be 
explained by respondents being less attentive during interviews given the field research team 
member was a local. Counter to this, we also note that some of the relationships expected 
with demographic factors, such as gender, and (to some extent) age differences, were 
observed, suggesting reasonably validity for assessment of associations. We need also to 
consider results from the validation study reported in Chapter 5. This showed that estimates 
for MVPA have reasonably good validity, while those for sedentary activity had a low 
correlation with the ‘gold standard measure’. These considerations suggest caution with 
interpreting the sedentary activity results, with more confidence in the MVPA results and 
broad comparisons.  
7.5.6 Conclusion 
This study provides population level information on physical activity patterns using a 
consistent methodology across three diverse sites in PNG, reporting on time spent for major 
activity domains, sedentary activity, and MPVA and proportion of adequate physical activity 
to reduce risk of NCDs. The findings clearly illustrate that subsistence/cash cropping and 
household chores continue to be a significant component of activity maintained across the 
rural and peri-urban sites studies, even though paid employment opportunities are emerging, 
particularly  in the peri-urban site. Leisure activity was also an important component across 
sites, however our results indicate that both leisure activity and sedentary activity are not well 
captured by current methods and require further investigation. The risks associated with 
physical inactivity were reflected in our results, with about 80% of the overweight and obese 
participants not meeting the WHO-recommended levels of physical activity. People involved 
in subsistence farming were most likely to meet the recommended levels of physical activity. 
Limited population-based studies on physical activity in PNG, is a major gap given that 
physical activity is an import risk factor of NCDs. This study provides a useful baseline for 
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monitoring shifts in physical activity patterns in PNG and for informing public health 
initiatives.   
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CHAPTER 8  Results: Nutrition Transition and Food Insecurity across 
three Populations in Papua New Guinea 
 
8.1 Chapter summary  
This chapter addresses the PhD research question 3, based on the food insecurity questions in 
the population survey. It assesses the extent of food insecurity in the study sites and the 
association with SES factors. It also explores the relationship of food security with nutrition 
transition. The discussion offers insight into rural and urban differences and possible impact 
from economic development, including from the multimillion-dollar PNG-LNG project that 
is situated in the Hiri site. Like the other results chapters, this chapter is organised in 
manuscript format. 
 
8.2  Introduction  
 
8.2.1  The global situation of nutrition transition and food insecurity in LMCs  
Food insecurity is a concern worldwide [104, 105]. It is defined as the inability of an 
individual or household to access sufficient healthy foods through means that are socially 
acceptable [103]. The major shifts in food sources and systems described in the literature are 
driven by globalisation and free trade, war, poverty, natural disasters, and impacts of global 
warming. These are contributing significantly to food insecurity, especially among the 
LMICs [246-248]. The changes in food sources and systems tend to shift towards nutrient-
poor and energy-dense foods that impact quality of diets, also recognised as nutrition 
transition. In LMICs, the effects of the transition are significant being associated with 
increased risk of obesity and Non-Communicable Diseases [32, 249].  
8.2.2 The nutrition transition and food insecurity situation in PICTs  
The literature has shown that food insecurity in the Pacific region is influenced by high 
population density, decline in soil fertility, natural disasters, lack of skilled workers, and 
absence of basic services like markets and transport [48, 250, 251]. A study by Bell et al. 
showed that 16 out of 22 Pacific Island Countries and Territories (PICTs) are likely to either 
face the prospect of supplying insufficient fish quantities to meet basic and traditional needs 
for fish, or face problems distributing fish from remote reefs to urban centres [252]. This 
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study looked at the supply of reef fish for food security among PICTs that have an exclusive 
economic zone (EEZ) [252]. A similar scenario was observed by Connell in Micronesia 
which also revealed a decline in local food production in peri-urban centres and increased 
consumption of processed imported foods [253]. The supply and production of food in most 
PICTs are also impacted by climate change. Campbell pointed out that vulnerable 
communities living in small islands, atolls and river plains could suffer losing their land, 
livelihood and habitat, with consequent impacts on food yields and food quality [254]. Apart 
from PNG, a majority of the population in the PICTs are concentrated in coastal areas and are 
likely to be greatly impacted by the rising sea level [255]. Disruption of food systems by the 
impact of climate change and accessibility of nutrient poor processed imported foods have 
been identified to contribute to the increases in NCDs an important health risk in the Pacific 
region [256].  
Never the less PNG also faces similar impact on food insecurity to that of  other 
PICTs due to comparable situtations of climate change, globalisation and hence economic 
development. PNG has substantial coastal populations that live along the coastal line and 
islands which are expereining effects of rising sea levels on farming land. Highlands areas 
have also encountered impact of climate changes frosts on food gardens as a result of climate 
change. Most importantly the country is vunerable to effects nutrition transition that play a 
vital role in food systems and supply which tend to impact food security as obaserved in other 
countries in the PICTs.  
8.2.3 Nutrition transition and food insecurity in PNG  
The food insecurity issue in PNG is described as an inadequate quality of food, and not 
necessarily shortage of food supply; given that domestic food production generally provides 
sufficient food supply to people in PNG especially in rural locations [113, 257]. However, 
studies have shown some acute threats to food security and pockets of vulnerable populations 
[80, 113, 258]. Food insecurity situations arise when major food sources are affected by acute 
events such as extreme climatic conditions including prolonged rainfall, frosts, plant disease 
epidemics, changes to rates of planting, and from the long-term impact of poor income and 
land shortages due to overpopulation [113]. For example, in 1997 the irregular weather 
patterns brought about frosts and droughts that disrupted food crops across the country [113, 
258]. The smaller islands with increases in population density face threats to food security 
from shortage of land for gardens [115]. In addition, urban migration and increases in peri-
urban populations due to expansion of towns and cities, have seen an increase in vulnerable 
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populations in urban centres that that cannot afford enough food of adequate quality [80, 114, 
259]. All the same, it is important to recognise that the acute and long-term threats to major 
food sources vary across populations and are dependent on environmental conditions, the 
processes of colonisation that occurred, and economic growth and development.  
As outlined in Section 2.5.1 of Chapter 2, traditionally, people throughout PNG have 
been subsistence farmers but the techniques and the food crops cultivated differed, along with 
animals reared for food. The traditional farming systems utilised were comprised of shifting 
cultivation and mixed crop gardens[116]. Asaro communities in the Highlands region, where 
the land is fertile, depended on sweet potato cultivation. In the Highlands, pig husbandry is 
vital for social and cultural obligations and the animals are also consumed for food [80]. In 
coastal areas such in Karkar island, people relied on banana and taro [80, 113], and seasonal 
fruits trees such as breadfruit and nut trees are important food sources along with fish [116]. 
These main sources of food in Asaro and Karkar are traditionally supplemented by hunted 
game animals and gathered plants. The Hiri people on the Papuan coastline were seafarers 
living in high stilt houses on the edges of the shoreline and sourced food from the sea [122]. 
The Hiri communities depended on a barter system with the Gulf people for sago, bananas 
and taros from the inland tribes to supplement limited yam gardens [122, 260]. These specific 
food sources and systems in the respective areas ensured food supply and hence ensured food 
security.  
The food sources and systems within the areas of our study have undergone major 
changes compelled by the influences of colonisation and economic activities, together with 
agricultural interventions [105, 107, 115]. During colonisation, lands were taken to establish 
large plantations, especially in the coastal region including Karkar, resulting in loss of 
essential land for food production [123]. Such effects were also brought about by intensified 
mining and logging activities after Independence [115]. One of the major influences on food 
sources and systems was the introduction of small cash cropping entities into the subsistence 
societies in the hope of generating income in presumed poor populations [113]. These 
societies can no longer use some of their land for garden which in some cases affect food 
supply. People have since grown coffee in the Highlands and cocoa and coconut cash crops in 
Karkar [113]. Also, in Asaro markets have developed for introduced food crops such as 
potatoes and cabbages. In Hiri, the establishment of colonial government in Port Moresby 
was a major impact to their livelihoods as the urban centre expanded [123]. As a result, the 
subsistence people who relied on fish and the barter system for garden food and sago have 
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taken the opportunity to sell and earn income from markets in the growing urban centres of 
Port Moresby [113, 114]. The traditional trade systems are uncommon today in Hiri.  
The growing cash economy through introduction of cash crops and markets for fresh 
fish and vegetables and employment opportunities in the industries and urban centres has 
played an important role in food sources and systems. The cash economy has allowed 
purchase of store food such rice, flour and tinned foods.  Today it is common in most of these 
subsistence communities to substitute traditional food sources with the store-bought foods 
[113, 114, 123]. Better management of cash crops and inclusion of diversity has shown 
increased income earnings for smallholder farmers which may contribute to purchase of store 
foods in times of food shortage [261]. The country’s Agriculture Department has been 
working on improving agriculture systems and introduction of larger yield and drought 
resistant food crops such African yams and bananas [113]. 
  Population growth, climate change and economic activities affect food production, 
cash crops and income earning jobs differently, therefore, we expect that the food security 
circumstances will vary across the study sites, as will the implications. Observations from our 
previous study (Chapter 4) showed that in Asaro sweet potatoes continue to be the main 
source of food and is supplemented by rice.  Similarly in Karkar, bananas, taro and seasonal 
fruits are the main sources of food and supplemented by the store-bought foods [233]. 
However in Hiri, rice, flour-based foods and tinned fish have become the main sources of 
food and garden foods were often purchased at markets to supplement the store-bought foods 
[233].  
8.2.4 Study aim and objectives 
The overall changes based on the sources of foods show a move from the subsistence base 
towards one that relies on income. However, there are tensions in this transition related to 
food security. On the one hand, as described above the immediate and long-term threats to 
the major traditional food sources varies across the study sites. On the other hand, the shift to 
food sources that rely on income introduces other vulnerabilities. In the subsistence 
households for example, cash cropping activities to generate income compete with food 
production for time and attention. While in households dependent on income for food, they 
rely on continuity of income earning activities like employment or sales of food and services.   
The aim of the study is to assess the extent of food insecurity at population and 
household levels across three specific populations (Asaro, Karkar and Hiri) in PNG. The 
differences across populations and factors associated with food insecurity will also be 
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examined. The information generated from this study will contribute to understanding the 
implications of the nutrition transition in PNG. 
 
8.3 Methods 
8.3.1 Population and locations 
The study was conducted in three study sites – Asaro Valley, Eastern Highlands Province, 
Karkar Island, Madang Province and West Hiri, Central Province. These were selected to 
provide a selection of populations (Highland and Coastal) affected to a varying extent by 
major projects and economic development. Asaro and Karkar maintain a subsistence lifestyle 
with some cash cropping, but no exposure to other major projects. While the Hiri site has a 
multi-million-kina gas project operating in close proximity to the Papua New Guinea 
Liquefied Natural Gas project (PNG-LNG) with various possible food insecurity issues. 
8.3.2 Study design  
The cross-sectional survey was conducted from March 2012 to December 2013. Participants 
from three integrated Health and Demographic Surveillance sites (iHDSS) were recruited to 
participate in a community-based survey. The study enrolled a total of 300 adult participants 
from each of the three study sites. The sample was representative of the study population. 
Participants were sampled by strata based on sex and age (15-29, 30-44, 45-65 years) and 
selected using a simple random technique. A set of food insecurity questions were included in 
the main survey questionnaire. Adults within the study sites between that ages of 16-65 were 
included. Persons with disability and pregnant women were excluded. The overall study 
included a questionnaire based on the WHO STEP NCD risk factor surveillance 
questionnaire, the PNG-PAQ, a 24-hour dietary recall, selected physical measurements, and 
biological samples collected from randomly selected adults in each site [128]. Individual 
demographic data and household socioeconomic data were extracted from the iHDSS to 
contribute to the final study dataset. The calculation of wealth quantiles was described in 
Chapter 6. 
8.3.3 Measurement of food insecurity and data collection 
The food insecurity questions were guided by the background research and final eight 
statements on food insecurity developed for New Zealand's national nutrition survey 
(NNS97). This measure was used during their 1997 survey to measure food security among 
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disadvantaged and culturally-diverse populations such Maori and Pacific Islanders, and was 
adapted for use in this study [107]. This measure was adapted from the Radimer/Cornell 
measures of hunger and food security [262]. It was considered valid for use in PNG because 
Maori and other Pacific Islanders share a similar cultural orientation.  
Three questions were created to assess individual accounts of food insecurity in 
order to measure the extent of food insecurity. These were designed to recognize the living 
environment, including a subsistence lifestyle that is sensitive to the notion of having no 
food. The three questions used to assess food insecurity were: 
1. In the last 12 months, were there ever any times when people in this village 
ate less than they should have because there was not enough food? 
2. If yes, how often did this happen? Would you say: 1) Every month; 2) 
Some months but not every month; 3) In only one or two months. These 
responses were read back to the participants. 
3. Here are some reasons why people do not always have enough to eat. For 
each, please tell me if that was a reason why people in this village didn’t 
have enough to eat in the last 12 months: 1) They did not have enough 
money to buy food; 2) They did not have a garden to grow food; 3) Their 
garden did not produce sufficient food; 4) Their garden did not produce 
because of seasonality or damage; 5) They were not able to fish or hunt due 
to seasonality or bad weather; 6) They were not able to access food because 
of health problems; 7) They choose not to eat because of specific dietary or 
religious reasons, or other reasons not here listed. [137] 
Experience in these settings has shown that people are unwilling to report on their 
own food insecurity, but that asking about food security in their community provides a 
reflection of the extent of food insecurity in the sample households. Scientific officers 
admistered the food security questions during interview sessions with the particpants. The 
questions were asked and multiple-choice answers were read out to participants to select 
options that most relect their situation.  
 
 
8.4 Results  
In Table 18 the characteristics of the participants that answered the food insecurity questions 
are presented. From the total (778) participants in the overall PNG NCDs study, 97% 
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responded to the food insecurity questions. Similar to the characteristics of the previous 
components of this research work, there were no age and gender differences while the 
sociodemographic variables were all significantly different across the sites. There were more 
participants divorced/widowed and had no education in Asaro site. Hiri reported a higher 
number of participants with secondary/tertiary level of education and income earning jobs, 
though all sites showed similar proportion of subsistence farmers. The wealth quantile was 
calculated within sites and shows equal proportion in the quantiles. Most importantly, 294 
participants reported people in their villages experiencing ‘not enough to eat’ with the 
occurrence quite common in Asaro (64.3%) and Hiri (44.6%), but it was uncommon in 
Karkar (6.8%).  
The proportion of the occurrence of experiencing ‘not enough to eat’ in the previous 
year across sites and categories of socioeconomic variables are shown in Table 19. From the 
294 participants that reported experience of ‘not enough to eat’ 291 provided frequency of 
their experience. The occurrence of ‘not having enough to eat’ was significantly different 
across sites. Hiri reported the highest proportion (20%) of having ‘not enough to eat’ every 
month, compared to 1.2% and no reports in Asaro and Karkar respectively. Across the 
education groups proportion of participants that reported experiencing ‘not enough to eat’ 
every month and some months was higher in secondary/tertiary education compared to no 
education and primary school groups. There were no differences across employment 
categories and wealth quantiles.  
Presented in Table 20 are proportion of reported reasons of experiencing ‘not enough 
to eat’ by sites. Among the seven reasons of experiencing ‘not enough to eat’ proportion of 
Asaro participants was higher (78%) for reason related to food cultivation that include poor 
yields and damage of food crop by weather. In Karkar religious reason and others was higher 
(57%). While in Hiri the highest reported reason was poor yield due to seasonality and 
damage to gardens similar to that of Asaro. However, unlike Asaro, 32% Hiri participants 
also reported ‘not enough money to buy food’ as their second highest reason.  
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Table 18. Characteristics of participants that responded to food insecurity questions by study site. 
  N 
Asaro Karkar Hiri Total 
p-value 
n=252 n=248 n=258 n=758 
Average age (in years) mean (SD) 758 39.9 (13.8) 38.9 (13.5) 39.1 (13.8) 39.3 (13.7) 0.7 
Age group % (n) 758 % (n) % (n) % (n) % (n)  
 15-30 208 26.8 (67) 28.9 (69) 29.0 (54) 27.4 (208) 
0.8  31-49 330 43.2 (108) 41.8 (100) 42.0 (78) 43.5 (330) 
 50+ 220 30.0 (75) 29.0 (54) 29.0 (54) 29.0 (220) 
Gender % (n) 758      
 Male  351 50.4 (127) 46.4 (115) 42.3 (109) 46.3 (351) 
0.2  Female 407 49.6 (125) 53.6 (133) 57.7 (149) 53.7 (407) 
Marital status  % (n) 716      
 Married  501 67.8 (156) 74.3 (182) 67.6 (163) 70.0 (501) 
<0.0001  Never married  149 16.5 (38) 21.6 (53) 24.1 (58) 20.8 (149) 
 Divorced/widowed 66 15.7 (36) 4.1 (10) 8.3 (20) 9.2 (66) 
Education % (n) 690      
 No education  113 44.1 (100) 4.2 (10) 1.4 (3) 16.3 (113) 
<0.0001  Primary  400 42.7 (97) 79.6 (191) 50.2 (112) 58.0 (400) 
 Secondary/tertiary 177 13.2 (30) 16.2 (39) 48.4 (108) 25.7 (177) 
Employment % (n) 727      
 Subsistence farming  531 85.7 (198) 79.6 (195) 55.0 (138) 73.1 (531) 
<0.0001  Student 78 7.8 (18) 13.5 (33) 10.8 (27) 10.7 (78) 
 Income earning occupation  118 6.5 (15) 6.9 (17) 34.2 (86) 16.2 (118) 
Wealth Quantiles (within sites) % 
(n)  
659      
 Lowest 133 19.6 (43) 18.5 (36) 22.0 (54) 20.2 (133) 
0.9  Lower than average 123 19.6 (43) 19.5 (38) 17.1 (42) 18.7 (123) 
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 Average 131 20.2 (44) 21.0 (41) 18.9 (42) 19.8 (131) 
 Higher than average 135 19.6 (43) 21.0 (41) 20.8 (51) 20.5 (135) 
 Highest 137 21.0 (46) 20.0 (39) 21.2 (52) 20.8 (137) 
Experienced Food Insecurity % (n) 758      
 No 464 35.7 (90) 93.2 (231) 55.4 (143) 61.2 (464) 
<0.0001 
  Yes 294 64.3 (162) 6.8 (17) 44.6(115) 38.8 (295) 
Difference in age was test by Kruskal-Wallis test and differences across sites and categories of socioeconomic 
variables were assessed by Chi-squared test.  
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Table 19. Characteristics of participants who reported occurrences of ‘not having 
enough to eat’ in the previous year by site and socioeconomic categories.  
Variables  N  
Every 
month  
Some 
months 
One or two 
months 
p-value 
Study site % (n)       
 Asaro  161 1.2 (2) 55.3 (89) 43.5 (70) 
<0.0001  
Karkar 16 0.0 (0) 0.0 (0) 100 (16) 
 Hiri 114 20.2 (23) 64.0 (73) 15.8 (18) 
 Total 291 8.6 (25) 55.7 (162) 35.8 (104) 
Wealth quantile % (n) 
(within sites)  
     
 Lowest 
54 7.4 (4) 50.0 (27) 42.6 (23) 
0.3 
 Lower than average  49 10.2 (5) 57.1 (28) 32.7 (16) 
 Average 
59 11.9 (7) 61.0 (36) 27.1 (16) 
 Higher than average  
48 10.4 (5) 39.6 (19) 50.0 (24) 
 Highest 
52 5.8 (3) 61.5 (32) 32.7 (24) 
 Total 262 9.2 (24) 54.2 (142) 36.6 (96) 
Employment % (n)       
 Subsistence farming  213 8.9 (19) 58.2 (124) 32.9 (70) 
0.8 
 Student 27 11.1 (3) 48.2 (13) 40.7 (11) 
 Income earning 
occupation  
33 
6.1 (2) 63.6 (21) 30.3 (11) 
 Total 273 8.79 (24) 57.8 (158) 33.3 (91) 
Education % (n)       
 No education  59 1.7 (1) 55.9 (33) 42.4 (25) 
0.01 
 Primary school  128 7.0 (9) 53.9 (69) 39.1 (50) 
 Secondary/Tertiary 71 16.9 (12) 59.2 (42) 23.9 (17) 
 Total 258 8.5 (22) 55.8 (144) 35.7 (92) 
Differences across sites and categories of socioeconomic variables were assessed by 
Chi-squared test.  
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Table 20. Within site proportion of participant reported reasons for experiencing ‘not enough to eat’ in the 
previous year present by site.   
Reasons  
Asaro 
(n=151) 
Karkar 
(n=14) 
Hiri 
(n=108) 
Total  
(N=273) 
Not enough money to buy food  0.6 (1) 7.1 (1) 32.4 (35) 17.5 (48) 
No garden to grow food 12.0 (18) 14.2 (2) 12.9 (14) 12.4 (34) 
Garden did not produce sufficient food  37.0 (56) 0.0 (0) 21.2 (23) 28.9 (79) 
Garden did not produce enough food due to 
seasonality or damage to gardens  
78.1 (118) 21.4 (3) 44.4 (48) 61.9 (169) 
Not enough fish or hunted animals for food due to 
seasonality or bad weather 
11.2 (17) 0.0 (0) 27.7 (30) 17.2 (47) 
Not able to access food due to health problems 2.0 (3) 0.0 (0) 0.0 (0) 1.0 (3) 
Choose not to eat due to specific dietary or 
religious reasons or other reasons not listed  
14.5 (22) 57.1 (8) 2.7 (3) 12.0 (33) 
Participants reported multiple reasons for experiencing “not enough to eat”.  
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8.5 Discussion   
We followed the Radimer/ Cornell approach of assessing food insecurity through households self-
reporting on ‘not having enough to eat’ and the reasons for this [262]. As noted earlier we also 
asked participants about food security in their community as a reflection of the extent of food 
insecurity in their households. As the approach taken in this study focusses on self-reporting of food 
adequacy, the results can differ from other approaches to defining adequacy which rely on external 
criteria.  
We found quite different patterns across the three sites.  Insecurity was most commonly 
reported in Asaro with a majority of households reporting that their village experienced ‘not enough 
to eat’ in the last year, but it was not regular with only 1.2% experiencing it every month. This was 
quite a different pattern to Hiri where it was also common (44.6%) but a large proportion (20.2%) 
experienced it every month.  In contrast to both of these, it was quite uncommon in Karkar (6.8%). 
Amongst those reporting ‘not having enough to eat’ there was no association with wealth or 
employment. Those with no education or primary school reported less frequent occurrences than 
those with secondary/ tertiary. 
8.5.1 Occurrence and indication of change in food insecurity situation reflecting nutrition 
transition across the study sites  
About 45% of our study population reported ‘not enough to eat” in the previous year indicating that 
households consider food insecurity to be a reality at the household and population level in our 
study sites. This is in contrast to the assessment of Bourke and others who have not considered the 
long term food insecurity threats as an issue yet in the country, especially in the rural areas [110, 
117]. The differences may reflect changes over the last 20 years (the reports of Bourke et al were 
published in 2001 and 2009), but also reflect the differences between self-reports and more formal 
external assessments of the adequacy of the food supply.   
The important new finding from this study is that the reported factors causing “not enough 
to eat’ vary across sites and may demonstrate different vulnerabilities from the main food sources 
and how people access foods across sites. Therefore, the discussion is presented according to each 
site to draw attention to differences in their food systems.  
In Asaro, factors affecting food cultivation were the main reason for having ‘not enough to 
eat’ while only 0.6% of the participants reported not enough money to buy food. This reflects a 
continuation of heavy dependence on the traditional subsistence food production, substantiated by 
findings in Chapter 4 that the main source of food supply in Asaro was sweet potatoes and often 
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supplemented by store-bought. Furthermore, the results may suggest that the population’s food 
security is not heavily dependent on the contribution of income from cash cropping which has been 
reported to increase purchases of store-bought foods [110, 117]. This may be affected by the 
seasonality of the cash crop coffee and that not every household owns coffee plots. Gibson and 
Bourke judge cash income to be a protective measure for short term food insecurity in rural 
subsistence communities [110, 114].   
We have reservations about the results in Karkar due to the very small proportion (7%) 
reporting ‘not enough to eat’ relative to the other sites, and the similar unexpectedly low response 
rate for the physical activity assessment (Chapter 7). This outcome could have been brought about 
by sensitivity of disclosing issue of food shortage as well as being interviewed by a local field 
officer. Based on our previous findings in Chapter 4 and Chapter 6 Karkar reported snacking of 
fruits and nuts throughout the day as well as low energy intake which may indicate possible food 
insecurity issues on the island. Manning and McAlpine et al. highlighted that smaller islands with 
high populations density are vulnerable to food insecurity due to shortage in fertile gardening land 
[112, 115]. Both of these affect Karkar with long established cocoa and coconut plantations. Thus, 
we suspect food insecurity is an issue for Karkar but better data collection with increased response 
rate will be required to substantiate these observations.   
In Hiri almost half of the participants reported experiencing ‘not enough to eat’ with the 
main reasons being poor yield, with insufficient food from their gardens and not enough fish or 
hunted animals also common, and a third of the participants also mentioning not enough money to 
buy food. The strong effects of garden food production on food insufficiency were not expected 
given our previous findings in Chapter 4 and Chapter 6 that showed rice, tinned fish and fresh fish 
were main sources of food and supplemented by garden and captured foods. The diversity of food 
sources is supported by the physical activity results where the ‘subsistence/ cash cropping’ domain 
was an important component of the overall PA in Hiri. Consequently, the results from our studies 
indicate that the households in Hiri depend on several food sources, and are possibly more 
vulnerable than the other sites when any one of these is disrupted. It indicates that peri-urban 
populations such Hiri may be experiencing a shift to an income dependent food supply, but that 
other influences remain important. Low income is recognised as a long term food insecurity threat 
and Gibson and Bourke state that low cash income is a risk factor [110, 114].  
These parallel the results in earlier chapters on the effects of nutrition transition with 
differences across the rural and peri-urban locations, but with traditional food systems and lifestyles 
still having significant influences on nutrition and physical activity outcomes. This appears to be 
reflective of PNG in general [110, 112, 114, 123].  
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8.5.2 Comparison with food insecurity and the nutrition transition among the PICTs  
The food insecurity situation in the PICTs appears to have some similarities to PNG but is reported 
to be experiencing extensive threats to the traditional food systems, and more income dependence. 
Barnett has highlighted the effects of climate changes on Polynesian and Micronesian low-lying 
atoll islands that depend entirely on reef systems and the sea for food source. These are subject to 
greater disturbance from rising sea-level and sea-surface temperature, which are impacting the reef 
systems. Other PICTs such Fiji, Samoa and Niue experience similar impacts from periods of 
droughts and cyclones that destroy food gardens. These situations have resulted in increased 
reliance in store-bought food over the years [251, 263, 264]. 
Diet quality is another important indication of food insecurity. The traditional garden  and 
store-bought food sources that people in Asaro and Hiri rely on for food intake respectively both 
have issues of diet quality. Early dietary studies in PNG often pointed out inadequate protein intake, 
especially in the Highlands, while store-bought foods were associated with improved diets, despite 
them being relatively high in fat and sugar as reported in our findings in Chapter 4 and Chapter 6. 
There is an extensive literature from various PICTs that show diet quality has declined as nutrient-
rich foods from traditional subsistence food systems are replaced by cheap imported nutrient-poor 
foods such as sweetened beverages and low-quality meat cuts [62, 251, 264]. These cheap imported 
foods high in sugar and fat are associated with obesity which is the main risk factor for the high 
burden of NCDs in the PICTs. Studies in the Pacific show that urbanisation and modernisation as 
well as income earning opportunities have contributed to the increasing dependence on imported 
food [66, 67, 263]. Snowdon and Thow emphasised that trade policies in the region have been a 
catalyst to these shifts in food sources [67, 70, 75]. In PNG, these patterns of food insecurity 
situations may be reflected in urban populations but further studies are required to understand the 
rate and characteristics of these changes in urban areas. Consequently, the contributing factors and 
implications of food insecurity vary, and these need to be understood to effectively address food 
insecurity.  
8.5.3 Limitations  
Food insecurity in PNG has generally been assessed by assessing adequacy of the food supply in 
terms of quantity and quality of foods. We used a subjective measure of food insufficiency in line 
with the practice in other similar surveys and studies. Differences in the assessments and outcomes 
requires investigation to be better understood, and perhaps better adapted for PNG. For example, we 
appear to have a low response rate in Karkar. This indicates a need for further validation of the 
questions. The processes in the study have brought about important lessons particularly in 
administration of the questions due to the sensitive nature of food insecurity questions.  
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8.5.4 Conclusions 
This study showed that food insecurity is real at the household level despite the fact that the 
national figures show adequate domestic food production. However, it important to understand the 
nature of change in food insecurity situation across different groups and location in the country. The 
reasons for insecurity appear to be shifting with a shift in food sources and the food supply with the 
nutrition transition. Consequently there is a need to consider issues related to food insecurity in 
parallel to the diet quality challenges posed by nutrition transition.  
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CHAPTER 9  Discussion and Conclusion 
 
Extensive literature has documented diet and lifestyles in different parts of PNG over time. This 
points to diversity in practices and provides snapshots of changes over time in the studied 
populations. The research presented in this thesis aims provide insight into changes with specific 
interest in changes associated with nutrition transition. Therefore, the framework of nutrition 
transition will be used to guide the discussion of research findings. The literature has described that 
nutrition transition occurs differently across countries [21-29]. The discussion will compare and 
contrast the study sites to understand how nutrition transition occurring and possible implications 
for other populations, in PNG, PICTs and elsewhere. It will also identify some priorities for further 
research.  There are two main components of this research, the development and validation of data 
collection methods and the work to explore the changes in diet, PA and food insecurity in the three 
sites. The main findings are initially summarised to provide the background to the discussion.  
 
 
9.1 Summary of the Findings  
❖ The development and validation of the PhD data collection strategies and methods  
▪ Dietary data collections protocols for the four-step 24-hour recall were assessed and 
shown to be appropriate, and interview aids developed, including food coding 
documentation.  
▪ The PNG-PAQ was developed and validated for use across the study sites.  
▪ Measurement of sedentary activity was shown to have modest validity. 
❖ Dietary patterns and practices that indicate change across the study sites in relation to nutrition 
transition.  
▪ This research found that the rural sites at the time of the study (Asaro, Hides and 
Karkar) continue to mainly consume traditional subsistence garden foods, with 
selective inclusion of store-bought foods. On the other hand the peri-urban site of 
Hiri that is most exposed to economic activities had shifted to have more store-
bought foods, including replacing some traditional staples which are only consumed 
in large quantities during cultural ceremonies.  
▪ The results showed Asaro, Hides/Komo and Karkar had fewer meals and more 
snacking during the day while Hiri tended to have a more Westernised pattern with 
three meals per day.   
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▪ Consumption of fast food such as fried flour, and store-bought snacks was common 
across sites, though not as regular in Hiri, perhaps due to the greater number of 
meals.  
▪ One notable finding was the widespread use vegetable oil, though used differently 
across sites. It was commonly added when boiling food in Asaro and Hides and used 
for frying in Hiri. However roasting over fire, a traditional method of cooking, was 
still common in the Highlands sites and Karkar.   
❖ Differences in dietary patterns in terms of diet quality and association with SES variables across 
sites. 
▪ Results showed significant differences in the diet components (total energy, protein, 
carbohydrate, iron and vitamin A) across sites.  
▪ Further analysis adjusted for wealth, education and demographic variables continued 
to show significant site differences. While wealth and education did not clearly 
explain the site differences, an increased trend was observed for protein intake with 
wealth.  
▪ All sites reported inadequate intakes of all components of diet (total energy, protein, 
carbohydrate and vitamin A) except for iron in comparison to the Australian EAR.  
▪ The contribution of store-bought food to total energy intake was highest in Hiri at 
33% more compared to Asaro, with a particular impact on total fat and iron intakes.  
▪ Site differences were smaller for store-bought snacks, with 5-19% differences shown 
for both protein and total fat for Karkar and Hiri respectively in comparison to 
Asaro.  
❖ Differences in physical activity patterns across sites. 
▪ The sites showed quite different activity profiles.  
▪ While subsistence/cash cropping activities significantly contributed to PA across the 
study sites, participants in Asaro spent a much larger proportion of time on these. 
▪ Household chores and leisure were the other major components. While participants 
in Asaro and Hiri spent between 20-28% of time on these, Karkar participants 
reported spending about half of their time on leisure activities alone. 
▪ There was no association observed between PA measures and SES variables.  
▪ All sites reached the WHO recommended weekly levels of PA, with Asaro reporting 
the highest levels of activity.  
❖ The food insecurity situation and variation across sites. 
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▪ Findings suggest that food insecurity is an issue at household level with 45% of 
participants reporting ‘not having enough to eat’ in the last year, most common in 
Asaro (64%) and Hiri (45%).  
▪ Food insecurity patterns were different across sites. Most participants reported it as a 
relatively infrequent experience (some months, or 1 or 2 months in the year), while 
in Hiri 20% of participants reported experiencing every month.  
▪ The reported reasons of experiencing ‘not having enough to eat’ highlighted 
differences in the vulnerabilities associated with the main food sources;  
an issue but not frequent in Asaro which is dependent on garden food; a more 
regular issue for many in Hiri which is more dependent on income to source 
store-bought food.   
▪ As the literature suggests that Karkar Island is likely to experience food insecurity 
issues, the results from the Karkar site were unexpectedly low, with only 7% 
reporting food insecurity.  This is possibly explained by the interview processes. 
Consequently we are cautious about conclusions for this site.  
 
9.2 Contribution of the component developing and validating data collection 
strategies and methods.  
An important contribution of this research is the confirmation of the data collection and survey 
processes, and the development and validation of dietary methods and survey aids, PA data 
collection instrument (PNG-PAQ) and modification of the food insecurity data collection tool. 
This study as mentioned earlier, utilised the 24-hour recall method which was established 
for use in developing countries and described by Gibson as the interactive 24-hour recall [139]. It is 
recognised that systemic underreporting can occur due to interpretation of serves by participants, 
and this has possibly occurred through use of local interviewers particularly in Karkar. This is 
common bias and further investigation is required to understand the nature of biases across the sites. 
Gibson emphasised the need to verify the application of selected dietary survey methods in a study 
context to ensure consistency in interviewing processes, and enhance data collection through using 
population-specific survey aids [139].  Nevertheless, this study took great care to develop and 
validate the dietary survey process and aids. Most importantly this study engaged in numerous 
fieldwork activities to understand the food culture and reporting patterns to create the interview 
protocol and guide as well as train interviewers in order to be consistent in the 24-hour recall data 
collection. Also The 24-hour recall method required essential interview aids such as the food and 
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serves sizes atlas. Given that names of foods, serve sizes and food preparation varied across sites, 
this study standardised these survey aids across the sites. In addition, establishing food coding 
documentation was significant to allow systematic processing of the dietary data. The process 
identified that 41% of the foods reported in this study existed within the food composition table 
available in FoodWorks (the dietary data processing software), 57% were substituted with foods 
having a similar nutrient profile and 1% of the foods were not able to be substituted. Confirmation 
of the nutritional profile of the substituted foods confirmed that the results were not impacted. The 
processes provided confidence in the appropriateness of the methods for ensuring quality dietary 
data.  
As outlined in Chapter 5, the need for a contextual and culturally suitable subjective PA 
instrument led to the development and validation of the PNG-PAQ. There is a growing number of 
population and country specific PA assessment tools. Investigators have reported a lack of a 
suitable PA assessment tool for use in subsistence populations, as explain previously [176, 177, 
196]. The development of PNG-PAQ also provided the opportunity to gather background 
information and insight into PA across the study sites, with a rich data resource established through 
the participant tracing and resulting catalogue of activity descriptions. The validation confirmed the 
general utility of the PNG-PAQ instrument. However, it also demonstrated that the PNG-PAQ does 
not have strong validity measuring sedentary activities across the sites and therefore care was taken 
in generalising the results. The initial analysis has highlighted the possible importance of unpacking 
the domains to examine their constituent activities to better compare PA patterns across the sites. 
There is a need to further examine PNG-PAQ validity in the larger population in PNG, and to 
reconsider approaches to assessing sedentary activities.  
The three food insecurity questions used in the study were based on the eight statements on 
food insecurity used in the New Zealand NNS97, developed for use in their Maori and Pacific 
Island population. This is the first attempt we are aware of to use self-reporting to assess food 
insecurity in PNG. Based on the experience of the research team we considered that it focussed on 
important aspects of household food insecurity for PNG. While the results provide some useful 
insights and indicate that household food insecurity is more common than realised, there is a need 
to review the interview tool and process. In particular the experience of the research team and the 
results suggest some sensitivity in reporting no food or hunger, possibly most acute in Karkar.    
 
9.3 What is the evidence for nutrition transition across the study sites?  
In order to discuss our research findings, it is useful to recap on the economic situation for our study 
sites from previous Chapters, as this includes the main factors identified in the theory of nutrition 
transition as underpinning the shifts in diet structures and lifestyles. As described earlier, since PNG 
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independence in 1975 there has been a steady increase in social and economic development in the 
country. However, the impact of this development varies greatly across locations which has resulted 
in distinct differences in socioeconomic levels across groups. For our study sites such 
socioeconomic distinctions are evident, as outlined in Table 5 based on reports on education and 
employment for the years 1980, 2010 and the 2014. While all of the regions or provinces where our 
sites are located showed improvement, the site with least progress was Asaro, followed by Karkar, 
and Hiri presented with favourable economic markers. Some of the influencing factors to these 
developments also varies across the sites. Once again, the Asaro site in the Highlands, consisting of 
rural villages, has a shorter exposure to colonial control and government services after 
independence compared to the coastal sites. Karkar had great influence from the Lutheran church 
that was established on the island as early as the 1940s along with major coconut and cocoa 
plantations. Hiri is located in the region where the first colonial administration was established and 
has been exposure to the urban growth since, and also directly affected by the PNG LNG project. 
These histories are reflected in the SES profiles from our study, including the evidence of wealth 
index, employment and education (see Table 9). Based on these Hiri is clearly the most affluent.  
This provides a context for our discussion of the three aspects of nutrition transition that 
were investigated in the study – dietary patterns, PA patterns and food insecurity. The literature on 
populations in PNG from as early 1960s shows a shift from purely traditional dietary and 
subsistence based PA patterns towards patterns influenced by economic development, urbanisation 
and modernisation. Food insecurity information is reasonably extensive and shows a shift in major 
food sources, particularly in urban areas. However, discussion of these change so far has been 
presented in isolation. They are integrated in the following sections to elaborate the importance of 
changes and their implications for each site.  
9.3.1 Indication of changes in diet and PA patterns, and food insecurity in Asaro  
Previous studies in the 1970s-1980s were already reporting store-bought food in rural communities 
and these mainly consisted of tinned fish and rice showing limited adaptation to store-bought food 
[84, 86, 93, 118]. Our current employment status shows most people still live a subsistence lifestyle 
which explains the results from this study that the traditional diet of mainly garden food has been 
maintained. The increase in the variety of store-bought food seen in the food list and addition of 
vegetable oil in food preparation reflects the introduction of cash economy through cash cropping 
which has resulted in a rise in trade stores within rural villages, providing increased access. The 
inclusion of store bought foods in the Highlands of Kainantu was found by Grossman in the 1970s 
to be influenced by income from cash cropping and also increased retail stores in villages [118]. 
The use of vegetable oil in Asaro is verified by Gibson’s Food and Agriculture report that described 
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a steep increase in the intake of fats and oils in PNG [236]. Nevertheless, there has been a fairly 
slow rate of improvement in other SES factors such as education and employment, the key elements 
of economic advancement, as reflected by the predominantly low wealth levels seen in households 
in our study. Overall, it is important to note that given store-bought foods were introduced about six 
decades ago the overall inclusion of store-bought food is still relatively low in Asaro. These results 
clearly indicate relatively slow change in dietary patterns in Asaro.  
 There have been few population specific PA studies in the Southern Highlands and so are 
limited points for comparison. However, there is a vast literature that describes the traditional 
subsistence lifestyle of the people in the Highlands which forms the basis of our discussion in terms 
of changes in PA patterns [86, 88, 118]. Given that most people in Asaro continue to live a 
subsistence lifestyle, we expect subsistence gardening to be one of the major activities. This is 
confirmed by our results that show most time is spent on the subsistence activities of gardening. 
However, the specific activities across domains are changing with introduction of modern 
technology. For example, gardening now includes use of new tools such the chainsaw and weed 
killing chemicals, as captured in the PNG-PAQ. Changes in the types of shelter have brought 
activity changes. The shift from temporary shelters to permanent households [86] has meant that 
household chores, not a significant part of the traditional subsistence lifestyle, have become 
common. Even though walking is still important in transportation, the domain of transport within 
PNG-PAQ showed that vehicles are now used to travel long distances. The leisure activities now 
include more sedentary activities such card playing. These changes in PA show a change towards a 
less labour-intensive lifestyle, but it is gradual and the current PA patterns remain quite intensive.   
 Other assessments of food security in the Highlands region shows that vulnerable 
populations face frequent disruption of food sources from extreme weather conditions, but food 
production in general is adequate. However, this research found that Asaro self-reported that 
experience of ‘not having enough to eat’ was common but not frequent, and was mainly due to 
factors associated with gardens. This indicating that the issue is real at the household level, and 
associated with the vulnerabilities of crop production in these traditional garden food supply 
systems.  
9.3. 2 Indication of changes in diet and PA patterns, and food insecurity in Karkar  
The island community of Karkar traditionally had diets based on garden foods including root crops 
and bananas, wild plant food, fruit and nuts, game animals and fish. As early as the 1960s rice, flour 
and tinned foods were reported in diets of people [119, 265]. The inclusion of store-bought foods 
was very much influenced by establishment of the Lutheran church and major plantations on the 
island with setup of major wholesale food stores that contributed to availability. These plantations 
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concurrently brought income, with plantation labourers paid cash so that people could afford the 
store foods. Gibson in a 1996 PNG household survey reported garden foods were a major part of 
diets among rural populations [144]. The research observed that fruits trees such as breadfruit 
continue to be an important part of diets in Karkar. Findings from our study show that the 
traditional garden foods continue to be a major component of diets, supplemented by store-bought 
food. Together, these findings indicate a longstanding exposure to store foods, but only a gradual 
increase in the contribution of store-bought foods to diets, the contribution in terms of total energy 
still lower than in Asaro.  
Most people in Karkar also continue to live major aspects of a subsistence lifestyle and 
engage in traditional subsistence PA patterns as outlined in the literature. However it is a different 
pattern than the Highlands. In Karkar banana and other root crops such taro and yam are more 
common and so the garden activities are said to be less labour intensive, with less digging and 
ploughing to make mounds for sweet potato gardens, as recorded in the PNG-PAQ. The notable 
change from earlier PA patterns is in transportation to get around the island, where people now 
travel by vehicles or in boats with outboard motors. The PNG-PAQ showed reports of use of 
outboard motor and fishing techniques which has been incorporated into traditional use of canoes 
and fishing methods. We also highlighted that time spent on sedentary activities was high and this 
was not common in subsistence communities. As discussed in Chapter 7 this could be an issue of 
how leisure activities are categorised and reported in Karkar, as well as a real increase in sedentary 
activity. Overall, it seems that common PA patterns have undergone some changes with some usage 
of labour-saving technology, but major aspects of the lifestyle and PA patterns persist.  More 
research is required to understand sedentary activities in subsistence populations.  
 The vulnerabilities of food insecurity in Karkar are similar to that of Asaro, which are 
mainly related to food garden production. On the other hand, the island is more susceptible to food 
insecurity due to land shortages associated with population growth and plantations. It is likely that 
this may lead to more reliance on store-bought foods as the means of food production becomes 
limited. As mentioned earlier, the food insecurity assessment in Karkar may not be reliable given 
low response, and this restricts further discussion.  
9.3.3 Indication of changes in diet and PA patterns, and food insecurity in Hiri  
Unlike Asaro and Karkar, the Hiri site can been referred to as relatively affluent given more people 
are educated and have income earning jobs, and the greater levels of wealth. Previous studies of 
similar peri-urban populations have pointed out dominance of store-bought food. Such observations 
were evident in Hiri. Compared to Asaro and Karkar the contribution of store-bought foods and 
snacks in Hiri was highest and the probable explanation is Hiri’s proximity to the urban city of Port 
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Moresby. Interestingly, traditional garden foods were also present in diets in Hiri but in smaller 
proportions. This may reflect the Saweri calculations of national annual per capita availability of 
food between periods of 1964-1966 and 1996-1998 that showed an increase in consumption of rice 
and downward trend in other starchy foods (including traditional staples) [83]. Most importantly the 
use of vegetable oil in frying foods has been highlighted to be common in the site which have not 
been documented in previous dietary studies. This may indicate an important increase in recent 
years which could be caused by availability and affordability of cheap vegetable oils which had 
been note by Gibson to have increased in terms of imports [236]. The relationship of diets in the site 
with wealth did not show a clear relationship apart from an increasing trend in protein intake. This 
could be explained by the relatively low range of wealth in Hiri, with most households clustered in 
the upper 2 quantiles.  
In terms of PA, Hiri site had a higher proportion of work/school compared to the other sites 
reflecting the shifts emerging in urban locations apart from subsistence gardening activities. Also 
similar to other sites time spent on sedentary activities was high in Hiri. The high proportion of 
sedentary activity may be explained by a PNG-PAQ limitation in assessing sedentary activity or 
simply a rise in sedentary leisure activities such playing cards in the communities. Further work is 
required to understand the increase in sedentary activities.  
With regard to food insecurity, all sites showed susceptibility to issues related to garden 
food sources.  However Hiri also showed vulnerability to income shortage, a key factor with the 
transition to reliance on store-bought food sources, which appears to pose a greater risk of food 
insecurity. The food security literature for PNG does not necessarily recognise garden food sources 
as at risk, apart from episodes of disruptions, and points to income-based food insecurity issues as a 
long term risk [80, 110, 123, 260]. Our results show that this change is already occurring in this 
peri-urban population and is likely to be more evident in urban populations. 
9.3.4 Level of food processing and food fortification among the study sites 
The level of food processing and food fortification are frequently reported as making a significant 
contribution to nutrition transition. Though the literature shows increases in consumption of 
processed foods in PNG, the rate and extent of incorperating these into diets is much lower 
compared to its neighbouring PICs as reported by Sievert and collegues [36]. Market sales data of 
food and beverages by Sievert et al. found differences in the increases in soft drinks and edible oils 
across the PICs that indicate variatioin in the shifts in food preparation and snacking behaviours 
which is also noted in this study across the study sites. Food analysis in this study found Hiri a more 
urbanised site with higher SES level, reported a wider range of processed food as food sources 
compared to the Asaro and Karkar rural sites.  
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 This study did not specifically investigate food fortification, but our results suggest that its 
impact is currently limited in PNG. Iron, one of the minerals investigated in this study has been 
included in the mandatory rice fortification since 2007 along with vitamins thiamine and niacin. 
Though cheaper rice brands that are affordable to the wider population have a much lower 
percentage of recommended intakes (iron-13%, thiamine-23% and niacin-30%) compared to 
expensive brands from Turakai Industry (iron-25%, thiamine-45% and niacin-60%). Wheat flour is 
fortified for only thiamine for the single brand Flame. In PNG consumption of rice has been 
increasing especially among the urban population and becoming an important substitute for 
traditional staples such as root vegetable and banana. While there are differences in inclusion of rice 
in diets across our study sites, no significant difference in iron intake was observed. This may 
indicate maintaining traditional diets in Asaro and Karkar continues to provide adequate iron intake.  
9.3.5 Health implication of changes  
Our results suggest that major aspects of traditional lifestyles continue in rural areas and are largely 
protective for obesity with continued dominance of traditional diets and minimal inclusion of store-
bought foods, lower intake of total energy and fat in terms of diet quality together with sufficient 
recommended weekly PA. However, the use of vegetable oil in food preparation highlights an 
adverse practice which has surged in recent years and is of concern. Rarau et al. (2019) assessed the 
relative risk (RR) of specific dietary risk factors of NCDs among the same populations as used for 
this study, using a brief self-report on the risk factors. They found RR of having less 
fruits/vegetable intake and high sugar intake was highest in Hiri [266]. The study also found Hiri 
and Asaro had a significant and high RR for fried food intake compared to Karkar [266]. These 
observations are consistent with our findings that show lower intake of garden food in Hiri and use 
of oil in food preparation in the respective sites. In contrast, Rarau et al. reported significant higher 
RR for low fruits/vegetable intake in Asaro compared Karkar, while our results from the 24-hour 
recall analysis showed that sweet potato and other garden food were common in Asaro. We expect 
that the difference relates to definitions used, particularly whether or not sweet potato is included 
with vegetables. There is an opportunity for further analysis of the two data sources to triangulate 
information and extend the results from the independent analyses.  
9.3.6  What does this tell us about the process of change in PNG?  
As discussed previously the literature emphasizes the variation in nutrition transition across 
countries and populations. The collective information from this research and the PNG literature 
indicates different patterns of change across the sites with variation compared to other countries. 
The framework developed by Vorster et al. (see Figure 22) has been modified to summarise the 
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nutrition transition characteristics for PNG. The following is a guide to how the framework was 
modified:  
1. Bolded text – Original content from Vorster et al. and important to changes in PNG, 
2. Shaded text – Original content from Vorster et al. which was not assessed, 
3. Strike text – Original content from Vorster et al. that is not applicable in PNG, 
4. Bold and underlined text – Content added to the figure based on results from this student 
and PNG literature.  
The figure can be interpreted as follows. Economic growth plays an important role in changes in 
PNG, however, the impact varies across the population. Increased wealth and employment that are 
created by economic activities influence diet, PA and food insecurity and increase affordability of 
store-bought food and vegetable oils. Elements of urbanisation in rural villages such trade store and 
cash economy further increases availability and access to store-bought foods for rural populations. 
The change in social structure and individual adaptation may be important, however, these are not 
currently noticeable in PNG. Some of the key contributing factors to changes in PNG consist of 
food production specifically garden produce, shortage of food supply and most importantly food 
preparation methods. As described the changes in diet and PA are taking place at a much slower 
rate in rural areas and the use of vegetable oil could be one of the most significant aspects of 
nutrition transition in rural PNG. Diets continue to be relatively rich in green leafy vegetables, nuts 
and fruits trees. With urbanisation, and for the affluent, there is a shift to more frequent meals, 
inclusion of more animal protein, particularly tinned fish in our study, and inclusion of store-bought 
snacks.    
Vorster et al. describes a step-wise progression in change due to these factors. The figure 
locates the three study sites in this spectrum. The risk of NCDs in this study and the literature on 
disease burden in PNG follows the consequences presented by Vorster et al. The urban areas are in 
a phase that involves co-existence of infectious and NCDs risk factors, while the rural areas the risk 
of malnutrition and infectious diseases remains higher. 
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Figure 22. Modifications to Vorster et al. 1999 framework of nutrition transition in developing 
countries.  
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9.4    Comparison of Evidence of Nutrition Transition with PICTs and the global 
patterns   
Though similar trends of changes in dietary patterns are reported across the PICTs the extent and 
rate of the transition are certainly not uniform. The literature points out that the variation is due to 
differences in the factors that drive nutrition transition such as activities associated with 
urbanisation, influence of modernisation such tourism and interaction with families living abroad in 
countries like New Zealand, Australia and the US, and most importantly the trade policies [65, 67, 
78, 225, 227]. In this research collective dietary information from the three sites demonstrated that 
traditional diets comprised largely of garden foods continue especially in rural sites and continue to 
be important for the peri-urban sites. In contrast, growing literature from the PICTs highlight 
increasing dependence on imported food particularly fatty imported meat and sugar confectionaries 
which are referred to as store-bought food in this study [72, 77, 162]. Studies depict imported rice, 
flour and noodles as the leading staples in some of these countries [67, 227]. Such shifts are not 
observed in our rural sites but may partially describe diets in Hiri and major urban areas of PNG. 
Even though PNG has had major economic growth, 80% of its population continues to live in rural 
areas with a largely subsistence lifestyle, and some addition of cash cropping. These overall 
differences from other PICTs are reflected by food supply data which showed an increase in 
available fat from 1963 and 2000 but also revealed that PNG has a lower availability of dietary 
energy (Cal/day) compared to French Polynesia and Fiji [227]. This further suggest slower rates of 
nutrition transition in PNG compared to economically advancing PICTs with more rapid 
urbanisation and modernisation.   
Similarly the extent of changes in PA patterns in PNG are different to those taking in other 
PICTs due to differences in the main drivers of change mentioned above. In PNG, the marked 
changes in PA from the traditional PA included use of motor vehicles to travel long distances, the 
use of equipment and techniques in gardening, building, hunting and fishing activities. Sedentary 
activity of playing cards is becoming common in rural areas. Paid office jobs and employment in 
retailing of good and services are steadily increasing in towns, but still relatively uncommon in rural 
areas.   
Other PICTs have smaller populations and land mass, a greater proportion of people live in 
towns and populations in the rural villages are often engaged in established tourism industries [15, 
73, 204, 205]. Most significantly is the influence of connection with relatives living abroad in 
neighbouring developed countries. The infrastructure in the islands are often more advanced than 
PNG in terms of electricity supply and more people watch screens which increases sedentary leisure 
activities [15, 204, 205].  
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Across the PICTs food insecurity risks have shifted as food systems have moved from 
traditional food sources that consist of garden food and wild animals and fish to those based on 
imported store-bought foods[62]. It is well documented that natural disasters brought about by 
climate changes threatens tradition food systems across the PICTs and other the traditional 
communities [251, 263]. At the same time there is growing dependence on store-bought foods that 
show growing importance of the income-based food supply [267]. As mentioned previously this is 
happening to a lesser extent in PNG, with the diets of rural communities still strongly based on 
subsistence food supplies, but urban areas shifting to more reliance of store-bought foods.  
 
9.5 Strengths and limitations of the Research  
The strengths of this research draw from the detailed processes used in developing and validating 
the data collection methods and confirming the survey processes. At the same time, we 
acknowledge some of the technical limitations apparent from the validations, and points that have 
arisen during the course of the research. Recognising the strengths and limitation of our research 
provides confidence in the interpretation and conclusions.  
The major strength of this research is the extensive background exploration, and the 
development and validation of processes and methods.  In particular the detailed fieldwork 
conducted to collect dietary information prior to the study provided a cultural orientation and site 
specific understanding of dietary practices that were foundations for developing the dietary 
collection methods as explained in Chapter 4. Similarly, the background research work carried out 
to collect site-specific information on physical activity was essential to the development of the 
PNG-PAQ and survey protocols.  
The technical limitation of the various research methods have been highlighted above. 
Briefly the 24-recall shows signs of under reporting that requires further investigation to 
understand. The validation of PNG-PAQ found that the questionnaire at this stage is unable to 
adequately assess sedentary activity. Further analysis within domains could be conducted to 
understand specific changes. As for the food insecurity measure that included three broad questions 
of hunger, the questions were sensitive and further measures to assess and address this are required. 
We recognised the potential sensitivity at the outset and opted to ask participants to report on food 
insecurity in their community as a reflection of the extent of food insecurity in the sample 
households. However the efficacy of this needs to be assessed. Even though the set of questions was 
created for NZ Maori and the Pacific Islanders it did not undergo complete validation in PNG and 
more work is need to ensure the questions are suitable for the PNG population.  
This research set out to assess the changes in the components of the nutrition transition (diet, 
PA and food insecurity) and investigate aspects of the causality of the identified shifts. Preferably a 
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longitudinal study design is used to examine changes over time. This research was based on cross-
sectional dietary, PA and food insecurity data, combined with the previous studies in the literature 
to explore indication of changes within the framework of nutrition transition. This is indicative but 
not sufficient to establish causal conclusions.  The cross-sectional study design was also limiting in 
assessing the relationship between SES factors and diet/PA. A more robust design would include 
repeated measures of diet and PA to account for variation over time.  
 
9.6 Future research   
This research has identified a number of areas that will benefit from further research. The section 
above has described issues requiring further research for: 
• The PNG-PAQ – further validation, in particular to examine the questionnaire’s limitations 
for assessing sedentary activities in a rural subsistence setting.  
• Dietary assessment – in particular to examine possible under-reporting in some contexts. 
• Food insecurity assessment – in particular to assess sensitivities associated with this 
approach to food security assessment, and to validate the set of questions for PNG. 
Another important research issue is the establishment of a reference standard for PNG food coding 
and determining the nutrient content of common and widely consumed foods that are not found in 
the South Pacific food composition tables. This will improve the ability to analyse PNG dietary data 
within the country with more robust results.  
Finally, there is a need to expand the research work investigating the nutrition transition in PNG, 
particularly in urban and other peri-urban areas where the risks appear to be most acute.  
 
9.7 Conclusion 
This study described the characteristics of nutrition transition and explored the association with 
wealth and education across three socioeconomically distinct sites in PNG. The  characteristics of 
nutrition transition were defined by the indications of changes in diet, PA and food insecurity as the 
main components of the theory. The relationship of wealth and education with nutrition transition 
was explored by examining the effects of nutrition transition that included shifts towards energy-
dense diets and sedentary lifestyle which are major contributing factors for risk of NCDs which are 
on the rise in countries LMICs such as PNG. The research work involved assessment of dietary 
practices, time spent on main domain of PA which include work/study, garden/cash cropping, 
household, transport and leisure and self-reported experiences of inadequate food intake and causes 
across the sites based on cross-sectional surveys. Indications of changes in diets, PA and food 
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insecurity were determined by comparing results with previous literature on the respective 
components. 
The findings showed Asaro maintained largely traditional diets and subsistence activities 
continued with garden related food insecurity situations. In Karkar diets also continued to be largely 
based on gardens food and subsistence-oriented PA was common, and food insecurity issues were 
most likely garden based.  In peri-urban Hiri, diets incorporated more store-bought food with a 
smaller proportion of garden food. Physical activity included paid work apart from subsistence 
activities, while the food insecurity situation included risks associated with garden food sources as 
well as risks associated with income dependent food sources. There was widespread adoption of 
using vegetable oil in cooking.  
The nutrition transition appears to be in early stages with gradual change in rural areas, but 
more evident in peri-urban and urban areas of PNG. The changes vary across sites and overall the 
rate of changes are slower compared to patterns reported in the neighbouring PICTs. Given the 
growing concern on NCDs and associated risk factors, it is paramount to establish much needed 
population specific information of key elements (diet, physical and food insecurity) of the nutrition 
transition in order to develop effective prevention targets and measures for PNG. 
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integrated health and demographic surveillance sites (IRB # 1208, MRAC # 12.34) 
 
Study Duration:   5 years 
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Appendix  3   24-Hour Recall – Record sheet  
 
1.0 Participant Information  
 
1.5  Participant’s family name  
1.6  Participant’s first name  
1.7 Participants age  
1.8  Participant sex 1. Male 2. Female 
1.9  Participant Identification No.  
1.11  Interviewer’s name  
1.12 Completion date                            /                             / 
  Day Month Year 
Consent & Interview Details 
1.12      1.     Yes 
 
Has consent been read to 
respondent? 
    2.     No (read consent) 
1.13  Has written consent been obtained?     1.     Yes 
      2.     No (end interview) 
1.14  Interview language     1.     English 
      2.     Pidgin 
      3.     Motu 
      4.     Other (specify): 
 
 
  
 
v 
2.0 24-Hour Recall Record Sheet 
 
2.1 TIME 
2.2 Place 
eaten 
2.3 Description of food 2.4 No. of serves 2.5 Amount/grams 
2.6 Context 
by which food 
is consumed 
2.7 Brief description of the 
way of preparation and 
sharing context 
5:00am-8:00am       
       
       
       
       
       
       
       
       
8:01am-11:00am       
       
       
       
       
       
       
       
       
       
11:01am-02:00pm       
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2.1 TIME 2.2 Place eaten 2.3 Description of food 2.4 No. of serves  2.5 Amount/grams 
2.6 Context 
by which food 
is consumed 
2.7 Brief description of the 
way of preparation and 
shared 
2:01pm-5:00pm       
       
       
       
       
       
       
       
       
5:01pm-8:00pm       
       
       
       
       
       
       
       
       
       
8:01pm-1:00am       
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Appendix  4   Serve Index– 24-Hour Recall Interview Aid  
SERVE INDEX 
No
. 
FOOD ITEM SERVE DESCRIPTION 
QUANTITY  
Grams 
QUANTITY 
PACKAGES 
Grams 
      
Edible 
weight 
Cooked 
weight  
S M L 
  Garden Food              
1 Aela 
1 serve = 1 heap                                                               
1 heap = 4 medium aela  
          
2 Aibika 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
58 101 NA NA 
N
A 
3 Amba 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
58 74 NA NA 
N
A 
4 Aupa 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
67 98 NA NA 
N
A 
5 Avocado 
1 serve = 1/4 of one medium size 
avocado  
61 NA NA NA 
N
A 
6 Banana  
1 serve = 1 small and medium 
and 1/2 large banana  
78 80 NA NA 
N
A 
7 Banana, ripe 1 serve = 1 medium size banana 67 NA NA NA 
N
A 
8 Bean, leaf  
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
26 67 NA NA 
N
A 
9 Bean, seed 1 serve = 1 handful  60 76 NA NA 
N
A 
10 Bean, soup (yellow) 
1 serve = 5 -6 beans (20 toea 
heap)  (Note: please ask how the 
small plate is being served ) 
45 40 NA NA 
N
A 
11 Beans green short 
1 serve = 5 -6 beans (20 toea 
heap)  (Note: please ask how the 
small plate is being served ) 
45 40 NA NA 
N
A 
12 Beans green long 
1 serve = 5 -6 beans (20 toea 
heap)  (Note: please ask how the 
small plate is being served ) 
45 40 NA NA 
N
A 
13 Breadfruit 
1 serve = 1/4 of small breadfruit 
(13 cm) Diced serve = 1 small 
levelled plate  
160 159 NA NA 
N
A 
14 Broccoli 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
77 72 NA NA 
N
A 
15 Broccoli, leaves 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
93 102 NA NA 
N
A 
  
 
viii 
16 Cabbage 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
123 98 NA NA 
N
A 
17 Capsicum 
1 serve = 1/4 of medium size 
capsicum (Note: please ask how 
the small plate is being served ) 
22 21 NA NA 
N
A 
18 Carrot 
1 serve = 1 medium size carrot 
(11 cm) 
71 62 NA NA 
N
A 
19 Cassava 
1 serve = 10 cm medium size 
cassava                                        
(approx. diameter  of 6cm)   
146 149 NA NA 
N
A 
20 Chilli 1 serve = 2-3 medium size chilli  2 NA NA NA 
N
A 
21 Choko, leaf 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
64 106 NA NA 
N
A 
22 Coconut cream/milk 
1 serve = 1 cup (pls. ask if water 
was added) 
NA NA 250 NA 
N
A 
23 Corn 
1 serve = 1 small size corn                      
(length =12cm, diameter =14cm) 
113 119 NA NA 
N
A 
24 Cucumber 
1 serve = 1/2 medium size 
cucumber     (14 cm)   If diced 
then = 1 small plate 
135 NA NA NA 
N
A 
25 Egg plant 
1 serve =1 small size eggplant                         
( length = 15cm, circumference = 
14cm) 
86 80 NA NA 
N
A 
26 Ferns 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
35 47 NA NA 
N
A 
27 Five Conner 1 serve = 1 medium size           
28 Galip nut 
1 serve = 1 heap                                                              
1 heap = 10-15 
          
29 Garlic 1 serve = 1 glove  5 NA NA NA 
N
A 
30 Ginger 1 serve = 1 medium size ginger  11 NA NA NA 
N
A 
31 Guava 1 serve = 1 medium size guava           
32 Kangkong 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
89 104 NA NA 
N
A 
33 Kapiak, leaves 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
63 87 NA NA 
N
A 
34 Karakap 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
41 78 NA NA 
N
A 
35 Kaukau 
1 serve = 1/2 medium size 
Kaukau of highlands  
136 132 NA NA 
N
A 
36 Kaukau, scallop 1 serve = 1 medium size scallop            
37 Kulau 1 serve = 1 medium size kulau   188 NA NA NA 
N
A 
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38 Kumu mosong 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
75 86 NA NA 
N
A 
39 Laulau 1 serve = 8 small laulau            
40 Lemon, grass tea 1 serve = 1 cup (mug) NA NA 250 NA 
N
A 
41 Lemon, tea 1 serve = 1 cup (mug) NA NA 250 NA 
N
A 
42 Lettuce 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
26 NA NA NA 
N
A 
43 Mandarin 
1 serve = 1 medium size 
mandarin 
128 NA NA NA 
N
A 
44 Mango 
1  serve =  1 medium size mango                
( diameter = 7cm) If diced then = 
1 small plate 
180 NA NA NA 
N
A 
45 Marita 
1 serve = 1 small levelled plate          
(Note: please ask how the small 
plate is being served ) 
          
46 Mixed greens 
2 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
NA 133 NA NA 
N
A 
47 Mon 
1 serve = 1 heap                                                              
1 heap = 5-10 
          
48 Mushroom 
1 serve = 3-4 medium size 
mushrooms  
          
49 Nase 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
53 78 NA NA 
N
A 
50 Nut, okari  
1 serve = 1 heap                                                               
1 heap = 5-10 okari nuts  
29 NA NA NA 
N
A 
51 Nut, pandanus 
1 serve = 1 heap                                                              
1 heap = 10-15 pandanus nuts  
          
52 Onion, round  1 serve = half medium size onion  53 55 NA NA 
N
A 
53 Onion, spring  
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
25 29 NA NA 
N
A 
54 Orange  1 serve = 1 medium size orange  165 NA NA NA 
N
A 
55 Paunut 
1 serve = 1 heap                                                              
1 heap = 5-10 paunuts  
          
56 Pawpaw 
1 serve = 1/6 of one medium size 
pawpaw    (length = 22 cm) If 
diced then = 1 small saucer 
178 NA NA NA 
N
A 
57 Pea 
1 serve = peas from 5 - 7 medium 
size pods 
13 12 NA NA 
N
A 
58 Peanut (raw) 
1 serve = 1 heap                                                              
1 heap = 10-15 peanuts  
22 NA NA NA 
N
A 
59 Pineapple (coastal) 
1 serve = 1/8 of medium 
pineapple  Diameter = 9 cm  1 
piece = 1 round slice of medium 
57 NA NA NA 
N
A 
  
 
x 
pineapple  
60 Pineapple (highlands) 
1 serve = 1/8 of medium 
pineapple, Diameter = 9 cm,  1 
piece = 1 round slice of medium 
pineapple  
130 NA NA NA 
N
A 
61 Pitpit (coastal) 1 serve = 3-4 medium size pitpit            
62 Pitpit (highlands) 1 serve = 3-4 medium size pitpit            
63 Potato, English 1 serve = 1 medium size potato 104 97 NA NA 
N
A 
64 Pumpkin  
1 serve =1/8 of medium size 
pumpkin 
140 127 NA NA 
N
A 
65 Pumpkin, tips 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
59 92 NA NA 
N
A 
66 Rambutan  
1 serve = 3 medium size 
Rambutan (without seeds) 
33 NA NA NA 
N
A 
67 Sago 
1 serve = 8-10 cm²                                                                    
pudding = small plate  
NA 89 NA NA 
N
A 
68 Strawberry  
1 serve = 1 handful of regular size 
strawberry  
65 NA NA NA 
N
A 
69 Sugarcane 
1 serve = two medium size blocks 
of sugar cane  
115 NA NA NA 
N
A 
70 Sugar fruit  
1 serve = 1 medium size sugar 
fruit  
47 NA NA NA 
N
A 
71 Taro  1 serve = 1/4 medium size taro 178 181 NA NA 
N
A 
72 Taro, Chinese/Singapore  
1 serve = 1/2 medium size 
Singapore/Chinese taro  
144 139 NA NA 
N
A 
73 Tomato 
1 serve = one medium size 
tomato  
104 79 NA NA 
N
A 
74 Tomato, leaf 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
24 65 NA NA 
N
A 
75 Tree tomato  
1 serve = 1 medium size  tree 
tomato fruit  
57 NA NA NA 
N
A 
76 Tulip 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
48 78 NA NA 
N
A 
77 Watercress 
1 serve = 1 small levelled plate                               
(Note: please ask how the small 
plate is being served ) 
85 91 NA NA 
N
A 
78 Watermelon  
1 serve = 1/8 of a quarter of a 
medium size melon Thickness = 
2.5 cm  
85 NA NA NA 
N
A 
79 Yam 
1 serve = 10 cm medium size 
(approx. diameter  of 6cm)  yam 
151 137 NA NA 
N
A 
  
Fresh & Frozen 
Animal Food              
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80 Bacon  
1 serve = 1 slice of regular slice of 
bacon 
37 28 NA NA 
N
A 
81 Bandicoot 1 serve = 1/2 kwikai size piece           
82 Beef  
1 serve = 1 regular sized cut of 
beef 
106 86 NA NA 
N
A 
83 Beef sausage 1 serve = 1 regular size sausage  72 70 NA NA 
N
A 
84 Bird meat 1 serve = 1/2 kwikai size piece           
85 Chicken cocktail  1 serve = 1 cocktail 55 35 NA NA 
N
A 
86 Chicken feet 1 serve = 1 chicken feet 44 41 NA NA 
N
A 
87 Chicken head 1 serve = 1 chicken head  48 36 NA NA 
N
A 
88 Chicken kwikai 1 serve = 1/2 kwikai size piece 96 62 NA NA 
N
A 
89 Chicken neck 1 serve= 1 neck  72 44 NA NA 
N
A 
90 Chicken sausage 1 serve = 1 regular size sausage  41 41 NA NA 
N
A 
91 Chicken skin 
1 serve = 1 small levelled size 
plate  
79 62 NA NA 
N
A 
92 Crocodile meat 1 serve = 1/2 kwikai size piece 78 61 NA NA 
N
A 
93 Cuscus 1 serve = 1/2 kwikai size piece           
94 Deer meat  1 serve = 1/2 kwikai size piece           
95 Dog meat 1 serve = 1/2 kwikai size piece           
96 Eel 1 serve = 1 kwikai size piece           
97 
Fish (large fresh/salt 
water) 
1 serve = 1/4 of large fish  142 127 NA NA 
N
A 
98 
Fish (medium/small 
fresh/salt water) 
1 serve = 1/2 medium or 1 small 
fish 
111 93 NA NA 
N
A 
99 Flying fox 1 serve = 1/2 kwikai size piece           
100 Ham 1 serve = 1 regular slice of ham 22 16 NA NA 
N
A 
101 Lamb chops 
1 serve =1 regular cut of lamb 
chops 
103 76 NA NA 
N
A 
102 Lamb flaps 
1 serve = 1 regular cut of lamb 
flaps (length 10cm)  
48 38 NA NA 
N
A 
103 Lamb heart 
1 serve = 1/4 of 1 regular size 
lamb heart 
95 62 NA NA 
N
A 
104 Lamb neck chops 
1 serve = 1 medium size neck 
chop 
144 118 NA NA 
N
A 
105 Mincemeat (beef/lamb) 1 serve = 1 table spoon mince 44 NA NA NA 
N
A 
106 Mud crab 1 serve = 1 small size mud crab            
107 Octopus 1 serve = 1 kwikai size piece 27 22 NA NA 
N
A 
108 Pork  
1 serve = 1/4 of 1 medium size 
pork chop 
89 68 NA NA 
N
A 
109 Pork sausage 1 serve = 1 regular size sausage  83 83 NA NA 
N
A 
110 Prawn  1 serve = 4-6 medium size prawns           
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111 Sea cucumber 
1 serve = 1/2 medium size sea 
cucumber  
          
112 Sea worm 
1 serve = 1/2 medium size sea 
worm   
          
113 Shark meat 
1 serve = size of a small fish or 
1/2 medium size 
          
114 Sheep tongue 
1 serve = 1 medium size sheep 
tongue 
101 70 NA NA 
N
A 
115 Shells (fresh/salt water) 
1 serve = 1 heap                                                             
1 heap = 4-6 medium size shells  
91 34 NA NA 
N
A 
116 Squid 
1 serve = 1/2 of 1 medium size 
squid (without tentacles) 
58 44 NA NA 
N
A 
117 Stew (beef) 
1 serve = 1 small levelled plate               
(cooked with vegetables) 
NA 151 NA NA 
N
A 
118 Stew (chicken) 
1 serve = 1 small levelled plate               
(cooked with vegetables) 
NA 151 NA NA 
N
A 
119 Stew (lamb) 
1 serve = 1 small levelled plate               
(cooked with vegetables) 
NA 146 NA NA 
N
A 
120 Stew (pork) 
1 serve = 1 small levelled plate               
(cooked with vegetables) 
NA 151 NA NA 
N
A 
121 Turkey  1 serve = 1 kwikai size piece 111 71 NA NA 
N
A 
122 Turtle meat 1 serve = 1/2 kwikai size piece           
123 Wallaby meat (magani)  1 serve = 1/2 kwikai size piece           
  
Processed/Packaged
/Imported Food             
124 Apple 1 serve = 1 medium size apple 121 NA NA NA 
N
A 
125 Baby bottle food 1 serve = one teaspoon  11 NA 110 NA 
N
A 
126 Baked Bean 1 serve = 1 tablespoon  22 NA 220 NA 
42
0 
127 Baked flour 1 serve = 1/8 of baked tray           
128 Biscuit 
1 serve = 1 packet (pls. ask 
package size) 
NA NA 
70          
(5 
pcs) 
100       
(4 
pcs) 
12
5      
(4 
pc
s) 
129 Biscuit (savoury) 
1 serve = 1 packet (Pls. ask 
package size) 
NA NA 
70         
(5 
pcs) 
80 
(4pcs
) 
10
0       
(4 
pc
s) 
130 Biscuit (sweet) 
1 serve = 3-4 regular round 
shaped biscuits  
NA NA 75 125 
13
7 
131 Bread  1 serve = 1 regular slice of bread 30 NA NA NA 
56
0 
132 Bread flour  
1 serve = 1 regular size bread 
flour  
NA 191 NA NA 
N
A 
133 Bubble Gum (big boy) 1 serve = 1 packet  NA NA 4.8 NA 
N
A 
134 Bun  1 serve = 1 regular size bun NA 44 NA NA 
N
A 
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135 Bun (Bintagor) 1 serve = 1 regular size bun NA 111 NA NA 
N
A 
136 Bun (SVS bakery) 1 serve = 1 regular size bun NA 38 NA NA 
N
A 
137 Burger (beef) 1 serve = 1 medium size burger  NA 185 NA NA 
N
A 
138 Burger (egg) 1 serve = 1 medium size burger  NA 185 NA NA 
N
A 
139 Butter 1 serve = 1 teaspoon 10 NA 100 250 
50
0 
140 Cheese pop 1 serve = 1 packet  NA NA NA 25 
N
A 
141 Chips in packet 1 serve = 1 packet  50 NA NA NA 
N
A 
142 Chocolate 
1 serve = 3-4 regular Cadbury 
chocolate cut 
          
143 Chocolate (boy boy) 1 serve = 1 packet  10 NA NA NA 
N
A 
144 Coconut cream (Can) 1 serve = 1 can  NA NA NA 400 
N
A 
145 
Coconut milk (Powdered 
Packet) 
1 serve = 1/2 powdered packet  NA NA 50 NA 
15
0 
146 Coffee 1 serve = 1 tablespoon  5 NA 250 NA 
N
A 
147 Coffee candy 1 serve = 1 lolly packet  NA NA 3.5 NA 
N
A 
148 Coffee mate  1 serve = 1 tablespoon  5 NA NA NA 
N
A 
149 Coleslaw  1 serve = 1 small levelled plate  80 NA NA NA 
N
A 
150 
Cordial/concentrated 
mix 
1 serve = 1 cup (mug) NA NA 250 NA 
N
A 
151 Corn flakes 1 serve = 1 small levelled plate  177 NA NA 250 
50
0 
152 Cream bun 
1 serve = 1 regular size cream 
bun 
NA 92 NA NA 
N
A 
153 Cream cake 
1 serve = 1 regular size cream 
cake  
NA 81 NA NA 
N
A 
154 Dripping 1 serve = 1 tablespoon 20 NA 170 255 
1k
g 
155 Egg 1 serve = 1 egg NA 49 NA NA 
N
A 
156 Fish flour  
1 serve = 1/2 of 1 medium size 
fish flour  
NA 213 NA NA 
N
A 
157 Flour ball  1 serve = 1 medium size flour ball  NA 42 NA NA 
N
A 
158 Flour puddings (Bakibaki) 1 serve = 6 regular size bakibaki            
159 Fried flour  
1 serve = 1 medium size fried 
flour  
NA 37 NA NA 
N
A 
160 Fruit bun 1 serve = 1 regular size fruit bun NA 73 NA NA 
N
A 
161 Grapes 1 serve = 1 small bunch            
162 Gravy 1 serve = 1 table spoon  NA 11 NA NA 
N
A 
163 Honey  1 serve = 1 teaspoon 26 NA 350 NA 
N
A 
164 Hot dog  1 serve = 1 medium size hot dog            
165 Ice cream 1 serve = 2 tablespoon 88 NA 1L 2L 
16
L 
166 Jam  1 serve = 1 teaspoon 15 NA NA 250 
60
0 
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167 Juice box 1 serve = 1 packet  NA NA 200 250 1L 
168 Lush 1 serve = 1 lolly packet  NA NA 2.8 NA 
N
A 
169 Macaroni 1 serve = 1 small levelled plate NA 119 NA 500 
N
A 
170 Margarine 1 serve = 1 teaspoon 8 NA 250 NA 
N
A 
171 Maggie cube 1 serve = 1 packet  NA NA 10 NA 
N
A 
172 Mayonnaise  1 serve = 1 tablespoon 16 NA 220 500 
N
A 
173 Milk bun 1 serve = 1 regular size milk bun             
174 Milk drink 1 serve = 1 packet NA NA NA 250 
10
0 
175 Milo   1 serve = 1 tablespoon  5 NA 250 NA 
N
A 
176 Milo can 1 serve = 1 can  NA NA NA 240 
N
A 
177 Moon cake  1 serve = 1/8 of the moon cake  NA 92 NA NA 
N
A 
178 Noodles 1 serve = 1 packet  NA NA 57 80 85 
179 Oil 1 serve = 1 tablespoon 5 NA 250 500 1L 
180 
Peanut (roasted & 
tinned) 
1 serve = 1 handful  48 NA 150 185 
N
A 
181 Peanut butter  1 serve = 1 teaspoon 14 NA 227 340 
51
0 
182 Pear 
1 serve = 1 small size pear 
(Circumference = 16 - 20 cm) 
134 NA NA NA 
N
A 
183 Pie (beef) 1 serve = 1 medium size meat pie NA 199 NA NA 
N
A 
184 Pie (chicken) 1 serve = 1 medium size meat pie NA 199 NA NA 
N
A 
185 Pie (fish) 1 serve = 1 medium size meat pie NA 199 NA NA 
N
A 
186 Pizza 1 serve = 1 regular size pizza  NA 67 NA NA 
N
A 
187 Plain cakes/muffin 
1 serve = 1 regular size plain 
cake/muffin  
NA 106 NA NA 
N
A 
188 Pop corn 1 serve = one 30 toea packet  NA 17 500 NA 
N
A 
189 Potato chips   1 serve = 1 small plate  NA 142 NA NA 
N
A 
190 Potato salad 1 serve = 1 small levelled plate  NA 149 NA NA 
N
A 
191 Powdered milk  1 serve = one teaspoon  5 NA 250 NA 
N
A 
192 Powered mix drink 1 serve = 1 cup 250 NA 15 33 
N
A 
193 Rice (brown) 1 serve = 1 small levelled plate  NA 207 500 1 kg 
5 
kg 
194 Rice (white) 1 serve = 1 small levelled plate  NA 217 500 1kg 
5k
g 
195 Salt 1 serve = 1/4 of a tablespoon 1 NA  250 500 
1k
g 
196 Sandwich (beef) 1 serve = 1 medium size sandwich            
197 Sandwich (chicken) 1 serve = 1 medium size sandwich            
198 Sandwich (tuna) 1 serve = 1 medium size sandwich  NA 96 NA NA 
N
A 
199 Sauce (chilli) 1 serve = 1 tablespoon 16 NA NA 340 
N
A 
200 Sauce (mushroom) 1 serve = 1 tablespoon 7 NA 170 NA 
N
A 
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201 Sauce (oyster) 1 serve = 1 tablespoon  16 NA 340 NA 
N
A 
202 Sauce (soy) 1 serve = 1 tablespoon 16 NA 175 NA 
N
A 
203 Sauce (sweet chilli)  1 serve = 1 tablespoon 15 NA 340 NA 
N
A 
204 Sauce (tomato) 1 serve = 1 tablespoon 17 NA 300 NA 
N
A 
205 Sausage flour  
1 serve = 1 regular size sausage 
flour  
NA 249 NA NA 
N
A 
206 Sausage roll 
1 serve = 1 medium size sausage 
roll  
NA 207 NA NA 
N
A 
207 Scones (English)  1 serve = 1 regular size scone  NA 96 NA NA 
N
A 
208 Soft drink 1 serve = 1 cup, 1 can or 1 bottle NA NA 250 330 
50
0 
209 Spaghetti  1 serve = 1 small levelled plate  NA 119 NA NA 
N
A 
210 Tea 1 serve = 1 cup (mug) NA NA 250 NA 
N
A 
211 Tea (herbal) 1 serve = 1 cup (mug) NA NA 250 NA 
N
A 
212 Tinned curry chicken 
1 serve = 1 table spoon (if directly 
served) If cooked with 
vegetables/  No. of can/No. of 
people who consumed 
30 NA NA 312 
N
A 
213 Tinned duck  
1 serve = 1 table spoon (if directly 
served) If cooked with 
vegetables/  No. of can/No. of 
people who consumed 
26 NA NA 340 
39
7 
214 Tinned fish brine  
1 serve = 1 table spoon (if directly 
served) If cooked with 
vegetables/  No. of can/No. of 
people who consumed 
19 NA 185 NA 
N
A 
215 Tinned fish oil 
1 serve = 1 table spoon (if directly 
served) If cooked with 
vegetables/  No. of can/No. of 
people who consumed 
20 NA 155 180 
42
5 
216 Tinned fish tomato  
1 serve = 1 table spoon (if directly 
served) If cooked with 
vegetables/  No. of can/No. of 
people who consumed 
22 NA 155 180 
42
5 
217 Tinned meat   
1 serve = 1 table spoon (if directly 
served)  If cooked with 
vegetables/  No. of can/No. of 
people who consumed 
22 NA 200 NA 
34
0 
218 Tinned pork 
1 serve = 1 table spoon (if directly 
served) If cooked with 
vegetables/  No. of can/No. of 
people who consumed 
22 NA NA 200 
34
0 
219 Tinned steak & onion  
1 serve = 1 table spoon (if directly 
served) If cooked with 
vegetables/  No. of can/No. of 
people who consumed 
23 NA 300 415 
42
5 
220 T-Shake 1 serve = 1 packet  NA NA NA 230 
N
A 
221 Twisties 1 serve = 1 packet  NA NA 25 50 
10
0 
222 Vegemite 1 serve = 1 teaspoon 13 NA 150 NA 
N
A 
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223 
Vegetables (mixed & 
packed)  
1 serve = 1 small levelled plate            
224 Vet-sin 1 serve = 1 tablespoon  3 NA 94.5 NA 
N
A 
225 Weet-bix 1 serve = 1 small levelled plate  34 140 375 NA 
1k
g 
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Aibika 
Description [2 stems]  
Cooked weight = 101g 
Serve description 
[1 small cooked levelled plate] 
GARDEN FOOD 
Amba 
Description [1 handful] 
Cooked weight = 74g 
Serve description  
[1 small cooked levelled plate] 
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Long white banana  
Description [Bunch of coastal long 
white banana] 
Cooked weight = 81g 
Serve description   
 
[1 large size L: 21cm C: 10cm]  
Cooking banana (tukuru)  
Description [Bunch tukuru or 
strong medium size banana] 
Cooked weight = 68g 
Serve description   
[1medium size; L: 10cm] 
Green highlands banana  
Description [Bunch of highlands 
green banana] 
Cooked weight = 68g 
Serve description   
[1 medium size; L: 17cm C: 3cm]  
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PROCESSED/PACKAGED 
OR IMPORTED FOOD 
Apple         
Description [1 packet of apple] 
Edible weight = 121g      
Serve description  
[1 medium size apple] 
Edible weight = 11g 
Serve description  
[1 tablespoon of baby food] 
Baby food   
Weight = 110g 
Description [1 small jar] 
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FRESH PROCESSED FROZEN ANIMAL FOOD 
Chicken cocktail 
Description [1cocktail piece] 
Cooked weight = 35g 
Serve description  
[1 Chicken cocktail cooked piece] 
Cooked weight = 28g 
Serve description  
[1 slice of cooked bacon; L: 20-
24cm] 
Bacon   
Description [slices of regular 
sliced bacons] 
Ham  
Description [1 slice of ham] 
  
Cooked weight = 16g 
Serve description  
[1 regular slice of cooked ham] 
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Appendix  6  24-Hour Recall Interview Guide – 24-Hour Recall Interview 
Aid 
 
24-HOUR FOOD RECALL GUIDE: HIRI, HIDES, KARKAR, & ASARO 
 
What is 24-Hour Food Recall and its purpose? 
 
The 24-hour recall method involves the nutritionist or a trained interviewer to ask the subject 
or the subject’s parent/guardian (in cases where the subject is too young to complete the 
interview) to recall the subject’s exact food intake in the previous 24-hour period or 
preceding day. This method enables nutritional assessment of individuals and is used for 
national surveys, as well as research purposes for dietary information of populations. It is 
useful as it requires little equipment and takes only 20-60 minutes to complete. The recall 
method allows researchers to assess the types of foods being consumed by individuals in a 
particular community.  
The 24 hour recall information is usually recorded on a 24-Hr Recall Record Sheet which is 
completed by a trained interviewer when administered. The main components of the form 
include place, time, and description of food, the amount and additional questions for specific 
supplements that the participant would be taking. The NCD study 24-hour record sheet was 
modified to suit the population’s eating behaviours, especially the time intervals. The sheet 
consists of the following sections: The Personal Details Section, Food Consumption Recall 
Information, and Additional Questions. These sections will be explained in detail below.  
Participant Information  
The Participant information in this section must be checked before the survey day. This page 
will be complete from the HDSS List of Names and then crossed checked during the survey. 
Complete this section by filling correct information in the spaces provided.   
Fill in the; 
 
Site 
Village Name 
Village Number 
Participant’s family name 
Participant’s first name 
Participant Identification No. 
 
 
 
This information must be filled from the name list from the HDSS. Make sure the individual 
has confirmed that he/she is the person who is been scheduled for interview.  
Consent  
 
Interviewer Details 
     1.     Yes 
Has consent been read to respondent?     2.     No (read consent) 
 
Has written consent been obtained? 
    1.     Yes 
     2.     No (end interview) 
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Interview language 
    1.     English 
     2.     Pidgin 
     3.     Motu 
     4.     Other (specify): 
Date of completing the questionnaire 
                      /                             /   2014 
Day Month Year 
Interviewers Name  
 
Circle the correct option and fill in the interview date and the name of the person conducting 
the interview.  
 
1.0 24-HOUR RECALL FOOD RECORD  
This is the main section of this record sheet. It records all important information of 
consumption of food in the past 24 hours of the participant. The interviewer will work 
through with the participant to capture these information. Its segment of this section is 
explained below.  
 
1.1 Time interval  
This 24 hour food recall sheet consists of five time intervals. These time intervals are used to 
suit the context of the study populations in terms of their usual eating times. The interviewer 
will use these time intervals to assist participants to recall what they ate within these times. If 
the participant did not eat anything in a time interval, the interviewer may use the following 
probes to confirm that nothing was consumed during that time interval; 
i. where were you during this time 
ii. who were you with 
iii. You can have some time to think  
Once you have confirmed that the respondent did not eat anything then leave the provided 
space blank and move to the next time interval.  The manner by which each food item should 
be record for each time interval will be explained in the food description section. 
05:00am - 08:00am – This interval would usually capture the early morning breakfast or 
snack  
08:01am - 11:00am – This interval intends to capture a later break, early lunch or snacks 
after breakfast and before lunch 
11:01am - 02:00pm – This interval records the midday meal or lunch and any snacks in 
between, in some cases it also covers a day’s only meal 
02:01pm - 05:00pm – This covers snacks, afternoon tea, and in some location such as Asaro 
it may capture the afternoon meal: dinner 
05:01pm - 08:00pm – This interval allows the main evening meal: dinner to be recorded 
08:01pm - 01:00am – This interval can capture a late dinner or food eaten throughout the 
night after dinner 
 
1.2  Place Eaten 
In this section the interviewer is expected to find out the location of where the meal or food 
was consumed, if consumed away from home or participant’s house. The place where food is 
been eaten is noted or recorded concurrent with section 3.3. The interviewer must always ask 
where each food item was eaten if it was not a meal. List below are the places that you can 
choose from; 
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i. House 
ii. Others house referring to relatives’ or friends’ house  
iii. Garden/beach/bush 
iv. Village/market 
v. Village/shop 
vi. Town/Market 
vii. Town/Shop  
The location is recorded after the respondent gives a response. Do not read these responses to 
the participant.  
 
1.3 Description of Food Eaten  
In this section the participant will be asked to name all the food eaten, for each time interval. 
The interviewer has the task to assist the participant to recall food consumed in the past 24 
hours. The interviewer must always start with an open ended, and do not interrupt the 
respondent, this will allow an unbiased recall. Each food item in a meal must be recorded on 
each line provided for each time interval.  Below are some examples that can be used in the 
section of the questionnaire. 
1. Yesterday during 5am – 10 am, which is between the time you woke up and before midday 
or lunch, what did you eat? 
 In food are been consumed in any of the time interval, the interviewer has the responsibility 
to clarify each food item by describing the food by the method used in preparation and 
probing for all the different ingredients used in the cooking. 
2. You mention chicken stew, what else was in the stew? Was there any sauces added to the 
stew? 
It is important to make sure that the participant have to missed any food eaten also making 
sure the food intake is not recorded twice, so once again the interviewer must make certain 
this does not occur.  
3. In case you forget some other food you may have eaten take some more time to think 
if you have eaten any other food, some snacks maybe.   
 
Notes on Recording Certain Food   
Below are further explanations how the common food items and dishes which you will come 
across within the study sites should be explored and recorded. There are also other important 
points to be aware of when conducting interviews.  
 
Mixed dishes 
In PNG there a mixed vegetables are common and respondent will mention these dishes. 
Therefore it is the interviewer’s task to slowly probe during the interview to work through 
with the participant to think of the ingredients or other food used in making the dish. All used 
ingredients must be recorded. Common ingredients oil, salt, sugar and others spices and 
flavours must be asked as well. Proving will allow clarification all food items and amount 
consumed. It is important for the interviewer not to mention food he or she thinks that make 
up the dish but rather probe for clarity. In PNG it is common to cook different types of greens 
together, therefore the interviewer must always ask the participants to specify the type of 
greens eaten. For instance if it is aupa, pumpkin tip, cabbage etc.  
 
Snacks 
In some places some people think of snacks as not food or meals that they do not need to 
report so it is important for the interviewer to always ask if they ate anything or small amount 
of food at any one time. For instance the interviewer can assist participants to recall foods 
eaten in such times (snacks) by probing;  
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After you ate the kaukau, did you have any sugar cane? 
When you were helping out with the repairing of the house did have any drinks apart from 
water? 
After dinner did have tea? Did have anything with the tea? 
 
Cooking Methods 
The cooking method used for the food consumed is very important in this section.  The 
interviewer must always ask the participant about the way in which the food was prepared. 
This method is also noted down as the response in the form. Any cream or sauce used in the 
cooking must be asked at this section too. In PNG it common to use coconut cream and in the 
highlands oil is often used so it important to ask for this ingredients.  
The method by which the food is been prepared is always asked when the interviewer is 
listing food under the description section.  
For example, if the participant says he or she ate rice, the interviewer will have to ask if the 
rice was boiled, creamed or fried. The food and the method used are noted down as the 
response. For e.g.  Fried rice, creamed rice or boiled rice. 
 
1.4 Number of Serves 
In this section the investigator will note down the serving size of the food eaten which was 
noted in the previous section. The serve sizes of any food must be based on the Food index 
serve sizes and the participant’s estimation. Once the participant has estimated the serve size 
the interviewer will have to use the Food Index to estimate the number of serves. Number of 
serves must be asked for each food item. However for mixed dishes the serve can be counted 
by number of plates. The interviewer must use the serves index to give a clear description of 
a serve the food. The serve index has the serve description of the common food eaten in the 4 
study sites. Once the food description has been explained to the participant, the interviewer 
can work through with participant to establish the number of serves that the participant 
consumed.  
Serves of different food type are measured in different measurement description below are 
the list as follows;  
i. Small plate  
ii. Big cup/mug 
iii. Table spoon 
iv. Teaspoon 
v. Piece 
vi. Whole item  
vii. Packet 
The serves of food in pieces and whole will have each of these serves described in detail the 
serve index. So it is important for the interviewer to always consult the serve index.    
For example, if the participant had kaukau in the highlands, the interview may describe the 
serving as ½ of a medium size kaukau and if the participant her 2 medium kaukau then the 
number of serves will be 4 serves. Since kaukau in the coastal areas are much smaller, so if 
the participant had 2 pieces of kaukau number of serves will be 1 serve, because 1 piece of 
kaukau in Hiri is ½ of 1 serve of kaukau (1/2 of highlands medium size kaukau).  
There will be pictures, household utensils and models to assist to estimate number of serves. 
It is very important that the investigator should be well informed of the different serves sizes 
and must have serving size aids models or pictures during the course of the interview. 
 
Tinned foods/Stew 
It always very difficult to obtain serving of a tinned food if put into a greens pot likewise if a 
chicken stew dish. Food all tinned food if the food was cooked in a pot with other ingredients 
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then the size of the tin must be noted along with the number of people who eat the dish. If the 
tinned food was consumed directly then a table spoon can be used to count the number of 
serves. In terms of stews, if the piece of meat is too small to quantify as a piece then the 
serves can be recorded in plates.   
 
1.5 Amount in grams 
This information will be filled back at the office by an assigned scientific officer. Leave this 
space blank during the fieldwork. At the end of the day after the fieldwork the scientific 
officer will have to calculate the number of grams using the serve index.  
 
1.6 Context by which food is consumed 
In this section, the participant is asked to state the context by which the food is obtained and 
consumed. For instance if the food was prepared and eaten at home it will be noted down as 
‘house prepared’.  
There are fixed contextual situations that the interview can pick from judging the account 
from the participant.  
House prepared (Prepared at home that was made available by the family and eaten in the 
house) 
Market purchased (Cooked food bought from the market)  
Shop purchase (Cooked food bought at the store) 
Gift (Food given by others that has not paid for – this can be cooked or not) 
Event (Cooked or raw food eaten during feasts or parties)  
 
1.7 Addition information food item, packaging and sharing of food 
This section is spared to obtained additional information which cannot be captured in the 
previous sections of the form. Information such as place where the food has been eaten and 
how the food was shared can be recorded. Also the sizes of the tinned or package of food 
item can be described in the section. Other information that is worth noting can be written 
here.  
For instance if the tinned fish was mixed in the greens dish then the interviewer must ask size 
of the tin and that how many ate to calculate the individual serve. This also applies for 
package food for e.g. twisties, if it was shared then by how many people, and the standard 
serve of 1 packet will be divided by the number of people that shared the packet of twisties. It 
is also equally important to note down certain food preparations that maybe unusual or 
unique in this section. If the greens mixed and cooked in coconut milk; each of the green 
leafy vegetables should be listed in this section.   
 
1.8 Important notes 
The interviewer must give enough time for the participant to think of what he or she ate at 
each time interval. If the participant mentioned that he/she did not have any food the 
interviewer must use appropriate probes to make sure the participant has not forgotten food 
until you are certain that the participant had not eaten any food. Also always remember to ask 
if the food was shared because in most of the time food is always shared in PNG societies. 
 
20 ADDITIONAL QUESTIONS 
These questions are used to gather additional information on the eating habits of the 
respondent and any supplements the participant may take.  
 
2.1 Was intake unusual in anyway? If yes, in what way. 
This question refers to whether the food eaten was special food from a feast and is not usual. 
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2.2 Are you on any special diet? If yes why?  
This question refers to whether the participant is on any type of diet required for medical 
reasons, for instance a diabetic patient.  
 
2.3  Do you take vitamin or mineral supplements? If yes how many per day? (….) per 
week? (….) If yes what kind? 
This questions refers to whether this person takes any type of vitamin or mineral supplements 
either because of medical reasons, individual choice, sports, school or work (such as the LNG 
workers)  
 
 
NOTE:  
This guide must be used along with the serve index and these two documents must be 
taken with the interviewer during interviews for reference.  
 
 
 
THE END 
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Appendix  7  Papua New Guinea Physical Activity Questionnaire (PNG-
PAQ) 
 
 PNG-PAQ 
The following questions will ask about activities you do at work, in your house or garden, to 
get from place to place, or in your free time. The questions will also ask you about the time 
you spent being physically active in the last 7 days. 
Work/study: I would first like to ask you about any paid work or schooling you may have 
completed in the last 7 days. 
1 Do you currently have a paid job outside your 
home such as office, construction or plantation 
work, or do you study at school? 
1.      Yes 
 2.      No (go to Q5.5) 
2a 
 
 
 
 
As a part of your work/study, except travelling, 
how many days did you perform VIGOROUS 
work (i.e., an activity that makes you breathe much 
harder than normal such as heavy lifting, digging 
and heavy construction)?  
Number of days: 
 
 
 
(if 0, go to Q5.3a) 
2b How much time did you spend on VIGOROUS 
work on a typical day? 
    
 Hours Minutes 
3a 
 
 
 
As a part of your work/study, except travelling, 
how many days did you perform MODERATE 
work (i.e., an activity that makes you breathe 
somewhat harder than normal such as carrying 
light loads)?  
Number of days: 
 
 
(if 0, go to Q5.4a) 
3b How much time did you spend on MODERATE 
work on a typical day? 
    
 Hours Minutes 
4a 
 
 
 
 
As a part of your work/study, except travelling, 
how many days did you perform LIGHT work (i.e., 
an activity that does not change your breathing 
such as desk work, operating machines, driving 
vehicles, guarding or studying)?  
Number of days: 
 
 
 
(if 0, go to Q5.5) 
4b How much time did you spend on LIGHT work on 
a typical day? 
    
 Hours Minutes 
Subsistence/cash cropping: Now I would like to ask you about subsistence/cash cropping work 
you may have completed in the last 7 days. 
5 Do you currently fish or perform subsistence or 
cash cropping, excluding the work you have 
already mentioned? 
1.      Yes 
 2.      No (go to Q5.15a) 
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6a 
 
 
How many days did you CARRY HEAVY 
LOADS such as firewood, water and crops for at 
least 10 minutes continuously?  
Number of days: 
 
(if 0, go to Q5.7a) 
6b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
7a 
 
 
How many days did you CUT SHRUBS, CLEAR 
LAND, or BURN and PLANT in growing food for 
household consumption?  
Number of days: 
 
(if 0, go to Q5.8a) 
7b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
8a 
 
 
How many days did you CUT SHRUBS, CLEAR 
LAND, or BURN and PLANT in growing food for 
selling/cash crops? 
Number of days: 
 
(if 0, go to Q5.9a) 
8b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
9a 
 
 
How many days did you WEED OR SPRAY 
AGROCHEMICALS IN A GARDEN in growing 
food for household consumption?  
Number of days: 
 
(if 0, go to Q5.10a) 
9b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
10a 
 
 
How many days did you WEED OR SPRAY 
AGROCHEMICALS IN A GARDEN in growing 
food for selling/cash crops?  
Number of days: 
 
(if 0, go to Q5.11a) 
10b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
11a 
 
How many days did you MAKE MOUNDS or DIG 
DITCHES and DRAINS?  
Number of days: 
 
(if 0, go to Q5.12a) 
11b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
12a 
 
 
 
How many days did you HARVEST food for 
household consumption for at least 10 minutes 
continuously? Harvesting includes picking cash 
crops and gathering edible or medical plants. 
Number of days: 
 
 
(if 0, go to Q5.13a) 
12b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
13a 
 
 
How many days did you HARVEST food for 
selling/cash crops for at least 10 minutes 
continuously? 
Number of days: 
 
(if 0, go to Q5.14a) 
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13b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
14a How many days did you HUNT or FISH?  
Number of days: 
 
(if 0, go to Q5.15a) 
14b 
How much time did you spend on this activity on a 
typical day, including time you walked or paddled 
canoes looking for game/fish? 
    
 Hours Minutes 
Household chores: Now I would like to ask you about housekeeping activities you may have 
done in the last 7 days. These questions exclude any work-related activities that you have 
already mentioned. 
15a 
 
 
How many days did you perform CHILD CARE 
activities (i.e., direct contact with child such as 
feeding, carrying or washing) for at least 10 
minutes continuously?  
Number of days: 
 
 
(if 0, go to Q5.16a) 
15b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
16a 
 
 
How many days did you CLEAN 
INDOORS/OUTDOORS or WASH CLOTHES 
BY HAND for at least 10 minutes continuously? 
Number of days: 
 
(if 0, go to Q5.17a) 
16b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
17a 
 
 
How many days did you CUT TREES or WOOD 
to build a house or make firewood for at least 10 
minutes continuously? 
Number of days: 
 
(if 0, go to Q5.18a) 
17b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
18a 
 
 
How many days did you COOK for at least 10 
minutes continuously?  Cooking includes all kinds 
of meal preparation including scraping coconuts 
Number of days: 
 
(if 0, go to Q5.19a) 
18b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
Travel to and from places: Now I would like to ask you about the way you have travelled to 
and from places in the last 7 days. For example to garden/office, for shopping, to market, to 
place of worship. These questions exclude any work-related activities that you have already 
mentioned. 
19a 
 
 
How many days did you RUN or WALK FAST 
(i.e., walking that makes you breath somewhat 
harder than normal) for at least 10 minutes 
continuously?  
Number of days: 
 
(if 0, go to Q5.20a) 
19b 
How much time did you spend on this activity on a 
typical day? 
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 Hours Minutes 
20a 
How many days did you WALK including 
ROAMING for at least 10 minutes continuously?  
Number of days: 
 
(if 0, go to Q5.21a) 
20b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
21a 
 
How many days did you RIDE ON A MOTOR 
VEHICLE for at least 10 minutes continuously?  
Number of days: 
 
(if 0, go to Q5.22a) 
21b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
22a 
 
How many days did you PADDLE a CANOE, 
except for fishing purposes, for at least 10 minutes 
continuously?  
Number of days: 
 
(if 0, go to Q5.23a) 
22b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
Leisure-time activities: Now I would like to ask you about sports, fitness and activities that 
you may have performed in the last 7 days. These questions exclude any work- or travel-
related activities that you have already mentioned. 
23a 
 
How many days did you PLAY SPORTS for at 
least 10 minutes continuously?  
Number of days: 
 
(if 0, go to Q5.24a) 
23b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
24a 
 
How many days did you PLAY CARDS/DARTS 
for at least 10 minutes continuously?  
Number of days: 
 
(if 0, go to Q5.25a) 
24b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
25a 
 
How many days did you LOOK AT SCREENS 
(i.e., TV, COMPUTER, PHONE) for at least 10 
minutes continuously?  
Number of days: 
 
(if 0, go to Q5.26a) 
25b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
26a 
How many days did you CHAT, REST, EATING 
and DRINKING, SELF-CARE, SELL or SIT 
DOWN FOR NOTHING aside from the leisure-
time activities we have already listed?  
Number of days: 
 
(if 0, go to Q6.1) 
26b 
How much time did you spend on this activity on a 
typical day? 
    
  Hours Minutes 
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Appendix  8   PNG NCD Adult Questionnaire 
 
FORM 1  ADULT NCD SURVEY 
 
Site Identification 
HDSS Site:  
Village name:  
Village ID:  
Participant Identification 
Participant Name:  
Participant ID:  
Participant Sex: 1.    Male                  2.     Female 
Contact Attempts (a minimum of 6 contact attempts required. Record time & date of each 
contact) 
1. Time:                      Date:       /       / 4. Time:                      Date:       /       / 
2. Time:                      Date:       /       / 5. Time:                      Date:       /       / 
3. Time:                      Date:       /       / 6. Time:                      Date:       /       / 
Consent 
Has consent been read to respondent? 1.   Yes               2.  No (read consent) 
Has written consent been obtained? 1.   Yes               2.  No (end interview) 
Interview Details 
Interviewer Name:  
Interview Date: /                   / 
Interview language: 1.     English 3.     Motu 
 2.     Pidgin 4.     Other (specify): 
Participant Contact Details 
Does the participant have a contact phone number? 1.     Yes 
 2.     No (start interview) 
Primary contact phone number:  
Alternative contact phone number:  
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STEP 1: BEHAVIOURAL MEASUREMENTS 
 
1. Demographic Information 
Thank you for agreeing to participate. To start with I would like to confirm your age and date of 
birth (and if female) and possible pregnancy status  
 
Age and date of birth information should be entered from HDSS records prior to interview.   
 
If the participant reports a substantially different age/DOB as compared to HDSS records then 
clarify that you are interviewing the right person (e.g. a father and son may share the same 
name). It may not be unusual for older participants to report a widely different age (e.g. +/- 10 
years), but this should be less common in younger participants. 
 
If you subsequently discover the participant is less than 15 years of age or more than 65 years of 
age, then politely end the interview. 
1.1a Were you born on (specify date)? 1.     Yes (go to 1.2a) 
 Date = 2.     No 
 (enter date from HDSS records) 77.   Don’t know 
  99.   No response 
1.1b When were you born?                             /                               / 
  Day Month Year 
1.2a Are you (specify) years of age? 1.      Yes (go to 1.3 if female or 2.1 if male) 
 Age =  2.      No 
 (enter age from HDSS records) 77.    Don’t know 
  99.    No response 
1.2b How old are you? Age in years: 
  77.   Don’t know 
  99.   No response 
1.3 Are you pregnant? 1.     Yes (end interview after 1.4) 
 Only ask females aged 15-45 yrs 2.     No (go to Q2.1) 
  3.     Not applicable (go to Q2.1) 
   77.   Don’t know (go to Q2.1) 
   99.   No response (go to Q2.1) 
1.4 If yes, gestation age? No. of weeks: 
  77.    Don’t know 
  99.     No response 
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2. Self-Reported Health Status 
Now I would like to ask you some questions about your health. 
2.1 How would you rate your general health 
today?  Would you say... 
 
Read out responses 1 to 5 
 
 
 
 
 
1.     Excellent                                                                    
 2.     Good                                              
 3.     Moderate                                        
 4.     Bad                                                 
 5.     Very Bad                                        
 77.   Do not know 
 99.   No response                               
2.2 How would you describe your general 
health compared to others of your own 
age? Would you say... 
 
Read out responses 1 to 3 
 
1.     Better than others                             
 2.     Worse than others                            
 3.     Same as others 
 77.   Do not know                                
 99.   No response                                    
 
 
3. Wari/hevi 
The next questions ask about sleep and appetite. We have many demands in our life such as 
study/work, relationships and money. Sometimes they become “wari/hevi”, which can affect 
our sleep and appetite. 
3.1 You do not need to tell us what it is, but do 
you currently have any sort of wari or hevi? 
1.     Yes 
 2.     No (go to Q4.1) 
  77.    Don’t know (go to Q4.1) 
  99.   No response (go to Q4.1) 
3.2 In the past week, how many days have you 
experienced sleep difficulty because of 
thinking about wari/hevi? 
1.     Never 
 2.     Less than 1 day/wk 
 
Read responses 1-5. 
3.     2-3 days/wk 
 4.     4-5 days/wk 
  5.     6-7 days/wk 
  77.    Don’t know 
  99.   No response 
3.3 In the past week, have you experienced a 
change in appetite such as eating less or 
more than usual because of thinking about 
wari/hevi?  
 
1.     Yes - less than usual 
 2.     Yes - more than usual 
 3.     No - same as usual 
 77.   Don’t know 
  99.   No response 
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4. Dietary Questions 
Questions in this section will ask about the types of food that you have eaten in a typical 
week over the last month. There will also be questions on use of salt, sugar, and oil or fat.  
Vegetables, fruits, meat, chicken and fish 
4.1 During a typical week, on how many days do 
you eat any root vegetables or banana? For 
example, kaukau, taro, yam, or potatoes. 
 
 
Number of days:        
 77.   Don’t know 
 99.   No response 
4.2 During a typical week, on how many days do 
you eat any greens or other vegetables? For 
example aibika, beans or avocado.  
 
 
Number of days:        
 77.   Don’t know 
 99.   No response 
4.3 During a typical week, on how many days do 
you eat fruit? For example, pawpaw, orange or 
mango. 
 
 
Number of days:        
 77.   Don’t know 
 99.   No response 
4.4 During a typical week, on how many days do 
you eat fresh – not tinned - meat, fish, chicken 
or pork?  
 
 
Number of days:        
 77.   Don’t know 
 99.   No response 
4.5 During a typical week, on how many days do 
you eat tinned meat, fish, chicken or pork?  
 
 
 
Number of days:        
 77.   Don’t know 
 99.   No response 
Sugary drinks 
4.6 On a typical day, how many teaspoons of sugar 
do you add to your drinks in total?  
 
Nb. 1 tablespoon = 4 teaspoons 
 
Number of teaspoons: 
 77.   Don’t know 
 99.   No response 
4.7a During a typical week, on how many days do 
you drink soft drinks? E.g. coke, fanta or sprite 
 
If 0 days go to Q4.8 
 
Number of days:        
 77.   Don’t know 
 
99.   No response 
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4.7b On one of those days, how many soft drinks do 
you drink in total? 
 
Record response in measure (cup, can or 
bottle) used by participant.   
 
 
 
Number of cups (c.250ml): 
 Number of cans (c. 330 ml): 
 Number of bottles (c. 500ml): 
 77.   Don’t know 
 99.   No response 
Fried food  
4.8 During a typical week, on how many days do 
you eat fried food purchased from a shop or 
market? For example, flour balls, chips or lamb 
flaps 
 
Number of days:        
 77.   Don’t know 
 99.   No response 
4.9 During a typical week, on how many days do 
you eat fried food cooked in your house? For 
example, fried flour, fried rice, fried vegetables 
or fried meat.   
 
Number of days:        
 77.   Don’t know 
 99.   No response 
Salt intake 
4.10 During a typical week, on how many days do 
you put maggie/stock cube directly on any 
food you eat?  
 
 
Number of days:        
 77.   Don’t know 
 99.   No response 
4.11 During a typical week, on how many days do 
you put salt directly on any food you eat?  
 
 
 
Number of days:        
 77.   Don’t know 
 99.   No response 
Food security 
In this section I will ask you questions regarding possible food shortages in your village. 
4.12a In the last 12 months, were there ever any 
times when people in this village ate less than 
they should because there wasn’t enough food? 
 
 
 
1.      Yes 
 2.      No (go to Q5.1) 
 77.    Don’t know (go to Q5.1) 
 99.    No response (go to Q5.1) 
4.12b How often did this happen? Would you say… 1.    Every month 
  
2.    Some months, but not every 
month 
 Read responses 1-3 3.    In only one or two months 
  77.   Don’t know 
  99.   No response 
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4.12c 
Here are some reasons why people don’t 
always have enough to eat.  For each one, 
please tell me if that was a reason why people 
in this village didn’t always have enough to eat 
in the last 12 months: 
 
Read responses 1 – 7. 
 
Multiple responses allowed. 
 
Circle each answer the participant responds 
‘yes’ to. 
 
 
 
 
 
1. They did not have enough 
money to buy food  
 
2. They did not have a garden to 
grow food  
 
3. Their garden did not produce 
sufficient food  
 
4. Their garden did not produce 
food because of season or 
damage 
 
5. They were not able to fish or 
hunt due to seasonality or bad 
weather 
 
6. They were not able to access 
food because of health problems 
or age 
 
7. They chose not to eat because 
of specific diet or religious 
reasons. 
  8. Any other reason (specify): 
   
  77.  Don’t know 
  99.  No response 
Tobacco, buai and alcohol 
I am now going to ask you some questions about tobacco, betel nut and alcohol use. The 
information is important for us, so please answer as honestly as you can.  Any information 
you give me will not be shared with any other person in a way that could identify you. 
4.13 Do you currently smoke any tobacco products, 
such as cigarettes, spear/mutrus or brus? 
1.     Yes 
 2.     No (go to Q4.17) 
 Exclude cannabis/marijuana use 99.   No response (go to Q4.17) 
4.14 
Do you currently smoke tobacco products 
daily? 
1.     Yes 
  2.     No (go to Q4.17) 
  99.   No response (go to Q4.17) 
4.15 How old were you when you first started 
smoking daily? 
Age (years): 
 77.   Don’t know 
  99.   No response 
4.16 On average, how many of the following do you 
smoke each day? 
 
Record number smoked each day for each type. 
Record ‘0’ if no use. 
Manufactured cigarettes:  
 Spear/mutrus:  
 Roll your own (brus):  
  Other (specify):  
 Go to Q4.19 when completed 99.   No response 
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4.17 In the past, did you ever smoke daily? 1.     Yes 
  2.     No (go to Q4.19) 
  99.   No response (go to Q4.19) 
4.18 How old were you when you stopped smoking 
daily? 
 
Age (years): 
 77.   Don’t know 
  99.   No response 
4.19 During the past 30 days, on how many days 
did you chew betel nut? 
 
No. days: 
 77.   Don’t know (go to Q4.22) 
 If 0 days go to Q4.22 99.   No response (go to Q4.22) 
4.20 On average, how many betel nuts do you chew 
in a day? 
 
On days when the participant chews 
No. nuts per day: 
 77.   Don’t know 
 99.   No response 
4.21 When you chew betel nut, do you also use 
mustard and lime? Would you say... 
 
 
 
Read response options 1 to 4 
1.  Always 
 2.    Sometimes 
 3.    Rarely 
 4.    Never 
 99.  No response 
4.22 Have you ever consumed a drink that contains 
alcohol such as beer, wine, live lave or 
homebrew (steam or yawa)? 
 
 
1.     Yes 
 2.     No (go to Q5.1) 
 77.   Don’t know (go to Q5.1) 
 99.   No response (go to Q5.1) 
4.23 Have you consumed an alcoholic drink within 
the past 12 months? 
1.     Yes 
 2.     No (go to Q5.1) 
  77.   Don’t know (go to Q5.1) 
  99.   No response (go to Q5.1) 
4.24 During the past 12 months, how frequently 
have you had at least one alcoholic drink? 
Would you say… 
 
1.     Daily 
 2.     5-6 days per week 
 3.     1-4 days per week 
  4.     1-3 days per month 
 Read responses 1 - 5 5.     less than once a month 
  77.   Don’t know 
  99.   No response 
4.25 During the past 30 days, on how many days 
did you have at least one alcoholic drink?  
No days:  
 77.   Don’t know 
  
99.   No response 
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5. PPAQ 
The following questions will ask about activities you do at work, in your house or garden, to 
get from place to place, or in your free time. The questions will also ask you about the time 
you spent being physically active in the last 7 days. 
Work/study: I would first like to ask you about any paid work or schooling you may have 
completed in the last 7 days. 
5.1 Do you currently have a paid job outside your 
home such as office, construction or plantation 
work, or do you study at school? 
1.      Yes 
 2.      No (go to Q5.5) 
5.2a 
 
 
 
 
As a part of your work/study, except travelling, 
how many days did you perform VIGOROUS 
work (i.e., an activity that makes you breathe much 
harder than normal such as heavy lifting, digging 
and heavy construction)?  
Number of days: 
 
 
 
(if 0, go to Q5.3a) 
5.2b How much time did you spend on VIGOROUS 
work on a typical day? 
    
 Hours Minutes 
5.3a 
 
 
 
As a part of your work/study, except travelling, 
how many days did you perform MODERATE 
work (i.e., an activity that makes you breathe 
somewhat harder than normal such as carrying 
light loads)?  
Number of days: 
 
 
(if 0, go to Q5.4a) 
5.3b How much time did you spend on MODERATE 
work on a typical day? 
    
 Hours Minutes 
5.4a 
 
 
 
 
As a part of your work/study, except travelling, 
how many days did you perform LIGHT work (i.e., 
an activity that does not change your breathing 
such as desk work, operating machines, driving 
vehicles, guarding or studying)?  
Number of days: 
 
 
 
(if 0, go to Q5.5) 
5.4b How much time did you spend on LIGHT work on 
a typical day? 
    
 Hours Minutes 
Subsistence/cash cropping: Now I would like to ask you about subsistence/cash cropping work 
you may have completed in the last 7 days. 
5.5 Do you currently fish or perform subsistence or 
cash cropping, excluding the work you have 
already mentioned? 
1.      Yes 
 2.      No (go to Q5.15a) 
5.6a 
 
 
How many days did you CARRY HEAVY 
LOADS such as firewood, water and crops for at 
least 10 minutes continuously?  
Number of days: 
 
(if 0, go to Q5.7a) 
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5.6b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.7a 
 
 
How many days did you CUT SHRUBS, CLEAR 
LAND, or BURN and PLANT in growing food for 
household consumption?  
Number of days: 
 
(if 0, go to Q5.8a) 
5.7b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.8a 
 
 
How many days did you CUT SHRUBS, CLEAR 
LAND, or BURN and PLANT in growing food for 
selling/cash crops? 
Number of days: 
 
(if 0, go to Q5.9a) 
5.8b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.9a 
 
 
How many days did you WEED OR SPRAY 
AGROCHEMICALS IN A GARDEN in growing 
food for household consumption?  
Number of days: 
 
(if 0, go to Q5.10a) 
5.9b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.10a 
 
 
How many days did you WEED OR SPRAY 
AGROCHEMICALS IN A GARDEN in growing 
food for selling/cash crops?  
Number of days: 
 
(if 0, go to Q5.11a) 
5.10b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.11a 
 
How many days did you MAKE MOUNDS or DIG 
DITCHES and DRAINS?  
Number of days: 
 
(if 0, go to Q5.12a) 
5.11b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.12a 
 
 
 
How many days did you HARVEST food for 
household consumption for at least 10 minutes 
continuously? Harvesting includes picking cash 
crops and gathering edible or medical plants. 
Number of days: 
 
 
(if 0, go to Q5.13a) 
5.12b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.13a 
 
 
How many days did you HARVEST food for 
selling/cash crops for at least 10 minutes 
continuously? 
Number of days: 
 
(if 0, go to Q5.14a) 
5.13b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
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5.14a How many days did you HUNT or FISH?  
Number of days: 
 
(if 0, go to Q5.15a) 
5.14b 
How much time did you spend on this activity on a 
typical day, including time you walked or paddled 
canoes looking for game/fish? 
    
 Hours Minutes 
Household chores: Now I would like to ask you about housekeeping activities you may have 
done in the last 7 days. These questions exclude any work-related activities that you have 
already mentioned. 
5.15a 
 
 
How many days did you perform CHILD CARE 
activities (i.e., direct contact with child such as 
feeding, carrying or washing) for at least 10 
minutes continuously?  
Number of days: 
 
 
(if 0, go to Q5.16a) 
5.15b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.16a 
 
 
How many days did you CLEAN 
INDOORS/OUTDOORS or WASH CLOTHES 
BY HAND for at least 10 minutes continuously? 
Number of days: 
 
(if 0, go to Q5.17a) 
5.16b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.17a 
 
 
How many days did you CUT TREES or WOOD 
to build a house or make firewood for at least 10 
minutes continuously? 
Number of days: 
 
(if 0, go to Q5.18a) 
5.17b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.18a 
 
 
How many days did you COOK for at least 10 
minutes continuously?  Cooking includes all kinds 
of meal preparation including scraping coconuts 
Number of days: 
 
(if 0, go to Q5.19a) 
5.18b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
Travel to and from places: Now I would like to ask you about the way you have travelled to 
and from places in the last 7 days. For example to garden/office, for shopping, to market, to 
place of worship. These questions exclude any work-related activities that you have already 
mentioned. 
5.19a 
 
 
How many days did you RUN or WALK FAST 
(i.e., walking that makes you breath somewhat 
harder than normal) for at least 10 minutes 
continuously?  
Number of days: 
 
(if 0, go to Q5.20a) 
5.19b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.20a 
How many days did you WALK including 
ROAMING for at least 10 minutes continuously?  
Number of days: 
 
(if 0, go to Q5.21a) 
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5.20b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.21a 
 
How many days did you RIDE ON A MOTOR 
VEHICLE for at least 10 minutes continuously?  
Number of days: 
 
(if 0, go to Q5.22a) 
5.21b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.22a 
 
How many days did you PADDLE a CANOE, 
except for fishing purposes, for at least 10 minutes 
continuously?  
Number of days: 
 
(if 0, go to Q5.23a) 
5.22b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
Leisure-time activities: Now I would like to ask you about sports, fitness and activities that 
you may have performed in the last 7 days. These questions exclude any work- or travel-
related activities that you have already mentioned. 
5.23a 
 
How many days did you PLAY SPORTS for at 
least 10 minutes continuously?  
Number of days: 
 
(if 0, go to Q5.24a) 
5.23b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.24a 
 
How many days did you PLAY CARDS/DARTS 
for at least 10 minutes continuously?  
Number of days: 
 
(if 0, go to Q5.25a) 
5.24b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.25a 
 
How many days did you LOOK AT SCREENS 
(i.e., TV, COMPUTER, PHONE) for at least 10 
minutes continuously?  
Number of days: 
 
(if 0, go to Q5.26a) 
5.25b How much time did you spend on this activity on a 
typical day? 
    
 Hours Minutes 
5.26a 
How many days did you CHAT, REST, SELL or 
SIT DOWN FOR NOTHING aside from the 
leisure-time activities we have already listed?  
Number of days: 
 
(if 0, go to Q6.1) 
5.26b 
How much time did you spend on this activity on a 
typical day? 
    
  Hours Minutes 
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6. History of Non-Communicable Disease and Treatment Given 
Now I will ask you series of questions about non-communicable diseases and the treatment 
that you might have received.  
List of current medications 
6.1 
In the past 2 weeks, have you taken any 
medications prescribed to you by a health 
worker? 
 
1.      Yes 
 2.      No (go to Q6.3) 
  77.    Don’t know (go to Q6.3) 
  99.    No response (go to Q6.3) 
6.2 May I please see these medications? 
 
If patient no longer has the medication, ask 
them for the name of the medication and/or to 
see their health book. 
1.      Yes (list in space below) 
 2.      Refused (go to Q6.3) 
 
77.    Meds unavailable/unknown  
          (go to  Q6.3) 
Medication name (list below) 
 
 
 
 
 
 
 
 
 
 
 
 
Before moving to Q6.3, ask the participant “are there any other medications you have taken in 
the past 2 weeks?” 
Stroke 
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6.3 Have you ever suffered from sudden onset of 
paralysis or weakness in your arms or legs on 
one side of your body for more than 24 hours? 
1.      Yes 
 2.      No 
  77.    Don’t know 
  99.    No response 
6.4 Have you ever been told by a health worker that 
you have had a stroke? 
 
 
 
1.      Yes 
 2.      No (go to Q6.8) 
 77.    Don’t know (go to Q6.8) 
 99.    No response (go to Q6.8) 
6.5 
Did you ever receive medical treatment for this 
stroke?  
 
 
 
1.      Yes 
 2.      No 
 77.    Don’t know 
 99.    No response 
6.6 At what age was your first stroke?  Age in years: 
  77.    Don’t know 
  99.    No response 
6.7 Does this stroke or its complications interfere 
with your daily activities? Would you say.. 
 
Refer to most recent stroke if more than one 
 
Read responses 1-3 
 
1.      Not at all 
 2.      A little 
 3.      A lot 
 77.    Don’t know 
 99.    No response 
 
0.1 
 
Heart problems 
6.8 
Have you ever been told by a health worker that 
you have a heart disease?  
 
 
 
 
 
1.      Yes 
 2.      No (go to Q6.12) 
 77.    Don’t know (go to Q6.12) 
 
99.    No response (go to Q6.12) 
 
6.9 
 
 
Do you know what kind of heart disease it is? Eg 
ischaemic heart disease, rheumatic or valvular 
heart disease?   
 
1.   Yes, specify: 
 
 
 
  2.      No 
  77.    Don’t know 
 
 
 
99.    No response 
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6.10 Have you ever been admitted to the hospital for 
your heart disease? 
 
1.      Yes 
 2.      No 
  77.    Don’t know 
  99.    No response 
6.11 During the last 12 months, have you experienced 
any pain or discomfort in your chest when you 
walk uphill or hurry? 
 
 
 
 
 
1.      Yes 
 2.      No 
 3       Never walks uphill/ hurries 
 77.    Don’t know 
 99.    No response 
6.12 During the last 12 months, have you experienced 
any pain or discomfort in your chest when 
walking? 
 
 
 
 
1.      Yes 
 2.      No 
 77.    Don’t know 
 99.    No response 
6.13 Only ask if participant answered ‘yes’ to either 
Q6.11 or 6.12, otherwise go to Q6.16. 
 
What do you do if you get the pain or discomfort 
when you are walking? 
 
Read responses 1-3. 
 
 
 
1.     Stop or slow down 
 
2.     carry on after taking a pain 
relieving  medicine that dissolves in 
your mouth  
 3.     carry on 
 77.   Don’t know 
 99.   No response 
6.14 If you stand still, what happens to the pain or 
discomfort?  
 
Read responses 1-2. 
 
 
 
1.      Relieved 
 2.      Not relieved 
 77.    Don’t know 
 99.    No response 
6.15 Will you show me where you usually experience 
the pain or discomfort?   
 
 
Ask the participant to point to their body and then 
select the most appropriate response 
 
 
1.      Upper or middle chest 
 2.      Lower chest 
 3.      Left arm 
 
4.      Other (specify): 
 
 77.    Don’t know 
  99.    No response 
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Diabetes mellitus type II 
6.16 Have you ever had your blood sugar measured 
by a health worker? 
 
1.      Yes 
 2.      No 
  77.    Don’t know 
  99.    No response 
6.17 Have you ever been told by a health worker that 
you have high blood sugar or diabetes?  
 
 
 
 
1.      Yes 
 2.      No (go to Q6.19) 
 77.    Don’t know (go to Q6.19) 
 99.    No response (go to Q6.19) 
6.18 How old were you when you were told you 
have diabetes? 
 
Age in years: 
 77.    Don’t know 
  99.    No response 
 
Chronic lung disease/asthma 
6.19 Have you ever been told by a health worker that 
you have chronic lung disease or COPD 
(emphysema, bronchitis) or Asthma?  
 
Read out options 1 to 4. 
 
 
 
 
 
 
 
1.      Yes – COPD 
 2.      Yes - ASTHMA 
 3.      Yes for both 
 4.      No for both (go to Q6.22) 
 77.     Don’t know (go to Q6.22) 
 
99.    No response (go to Q6.22) 
 
6.20 Have you ever had ankle oedema or swelling?  1.      Yes 
  2.      No 
  77.    Don’t know 
  
99.    No response 
 
6.21 Have you ever been treated for COPD/asthma? 
 
 
 
 
 
1.      Yes 
 2.      No (go to Q6.22) 
 77.    Don’t know (go to Q6.22) 
 
99.    No response (go to Q6.22) 
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Hypertension/high blood pressure 
6.25 Have you ever had your blood pressure 
measured by a health worker? 
 
1.      Yes 
 2.      No 
  77.    Don’t know 
  99.    No response 
6.26 Have you ever been told by a health worker that 
you have high blood pressure or hypertension? 
 
 
 
 
 
 
 
 
1.      Yes 
 2.      No (go to Q6.30) 
 77.    Don’t know (go to Q6.30) 
 99.    No response (go to Q6.30) 
6.27 Were you told in the past 12 months? 1.      Yes 
  2.      No 
  77.    Don’t know 
  99.    No response 
6.28 At what age were you first told that you have 
high blood pressure? 
 
 
Age in years: 
 77.    Don’t know 
 
99.    No response 
 
6.29 Were you pregnant at the time? 1.      Yes 
  2.      No 
  77.    Don’t know 
  
99.    No response 
 
6.22 During the last 12 months, have you experienced 
any shortness of breath at rest? (while awake) 
 
 
 
1.      Yes 
 2.      No 
 77.    Don’t know 
 99.    No response 
6.23 During the last 12 months, have you experienced 
any coughing or wheezing for ten minutes or 
more at a time? 
 
 
 
1.      Yes 
 2.      No 
 77.    Don’t know 
 99.    No response 
6.24 During the last 12 months, have you coughed up 
sputum or phlegm for most days of the month 
for at least 3 months? 
 
 
1.      Yes 
 2.      No 
 77.    Don’t know 
 99.    No response 
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Cholesterol 
6.30 Have you ever had your blood measured for 
cholesterol, fat or lipids? 
 
 
 
1.      Yes 
 2.      No 
 77.    Don’t know 
 99.    No response 
6.31 Have you ever been told by a health worker 
that you have high levels of cholesterol or fat 
in your blood? 
 
 
1.      Yes 
 2.      No (go to Q6.33) 
 77.    Don’t know (go to Q6.33) 
 99.    No response (go to Q6.33) 
6.32 At what age were you told that you have high 
blood cholesterol or fat in your blood?   
 
 
Age in years: 
 77.    Don’t know 
 99.    No response 
Cancer 
6.33 Have you ever been told by a health worker 
that you have cancer? 
 
 
 
1.      Yes 
 2.      No (go to Step 2) 
 77.    Don’t know (go to Step 2) 
 99.    No response (go to Step 2) 
6.34 What is the name of the cancer you have been 
diagnosed with?   
 
Specify:  
  
  
  77.    Don’t know 
  99.    No response 
6.35 In which organ or part of your body did your 
cancer start? 
 
 
Specify: 
  
 77.    Don’t know 
  99.    No response 
6.36 At what age were you diagnosed with the 
cancer?  
 
Age in years: 
 77.    Don’t know 
  99.    No response 
6.37 Have you ever been treated for cancer? 1.      Yes 
  2.      No 
  77.    Don’t know 
  99.    No response 
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STEP 2: PHYSICAL MEASUREMENTS 
 
Height and weight 
7.1 Technician name:  
7.2 Device ID height:  
7.3 Height (cms):  
7.4 Device ID weight:  
7.5 Weight (kgs):  
Waist and hip 
7.6 Device ID:  
7.7 Waist circumference (cms):  
7.8 Hip circumference (cms):  
Blood pressure and pulse rate (3 reads per participant at least 2-3 minutes apart) 
7.9 Technician name:  
7.10 Device ID:  
7.11 Time of first read (24 hour clock):     
  H H M M 
7.12 Cuff size used 1.     Small 
  2.     Normal 
  3.     Large 
7.13 Reading 1 Systolic BP (mmHg):  
 Diastolic BP (mmHg):  
 Pulse Rate (minute):  
7.14 Reading 2 Systolic BP (mmHg):  
 Diastolic BP (mmHg):  
 Pulse Rate (minute):  
7.15 Reading 3 Systolic BP (mmHg):  
 Diastolic BP (mmHg):  
 Pulse Rate (minute):  
Lung function 
7.16 Device ID:  
7.17 Perform lung function test (3 trials) 1.     Yes, 3 trials 
  2.     No 
7.18 Lung function result: 1.     Normal 
  2.     Abnormal 
  3.     Invalid 
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STEP 3: BIOCHEMICAL MEASUREMENTS 
 
Blood glucose  
8.1 During the last 12 hours have you had 
anything to eat or drink, other than water? 
1.      Yes 
 2.      No 
  77.    Don’t know 
  99.    No response 
8.2 Time blood specimen taken (24 hr clock)     
  H H M M 
8.3 Today, have you taken insulin or drugs 
(medication) that have been prescribed by 
a health worker for raised blood glucose? 
 
1.      Yes 
 2.      No 
 77.    Don’t know 
 99.    No response 
8.4 Technician name:  
8.5 Device ID:  
8.6 Blood taken for Hemoglobin AIc 1.      Yes 
  2.       No 
8.7 Bleed code for HbA1c sample  
Blood lipids                                                                                                                          
8.8 Blood taken for lipids 1.      Yes 
  2.      No 
8.9 Bleed code for lipids  
Haemoglobin level                                                                                                                 
8.10 Device ID:  
8.11 Haemoglobin value (g/dl)  
Urine sample                                                                                                                         
8.12 Specimen container left with participant 1.      Yes 
  2.      No 
8.13 Specimen container collected 1.      Yes 
  2.      No 
8.14 Was sample the first morning urine? 1.      Yes 
  2.      No 
8.15 Did participant void before going to bed? 1.      Yes 
  2.      No 
8.16 Did participant go to the toilet at night? 1.      Yes 
  2.      No 
8.17 Urine sample code  
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Appendix  9   Food-coding documentation  
Study Food Name  
Substituted/Food name 
within FoodWorks 
Databases 
Coding type in 
reference to 
FoodWorks                             
Coding explanation & source 
Coding history 
(changes & Date) 
Aela nut, boiled in water (PNG) Chestnut, Tahitian, boiled New Label 
Similar nutrients composition. Substitution of food 
within Food Works Pacific Islands Food Composition 
Database 
Initial record - 1/11/2012                               
Updated: 19/06/2015 
Aela nut, roasted over fire 
(PNG) 
Chestnut, Tahitian, roasted New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 19/06/2015 
Aibika Leaves (PNG) Edible hibiscus leaves, boil Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Amba/Naipa leaves Spinach, tropical, leaves, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Amba/Naipa leaves, boil Spinach, tropical, leaves, boil Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Apple green (PNG) Apple, fresh, green, skin eaten New Label AUSFoods 2012   
Apple red (PNG) Apple, fresh, red, skin eaten New Label AUSFoods 2012   
Aupa leaves Amaranth, leaves, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Aupa leaves, boil in water Amaranth, leaves, boil  Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Avocado Avocado Original FW code 
Original food code within Food Works Pacific Islands 
Food Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2016 
Updated: 30/06/2015 
Bacon, fried Pork bacon breakfast fried New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2030 
Bacon, grilled Pork bacon breakfast grilled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2031 
Baked bean 
Baked bean in tomato sauce, 
canned 
New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
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Banana cooking, highlands 
PNG 
Banana, PNG Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 28/09/2016 
Banana costal  cooking, boiled 
in water 
Banana,PNG Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Banana costal  cooking, mumu, 
roasted 
Banana, PNG Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Banana highlands cooking, 
boiled in  water 
Banana, PNG Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 1/11/2012                   
Updated: 15/07/2013                                    
Updated: 18/06/2015 
Banana highlands cooking, 
cooked in earth oven (mumu) or 
roasted 
Banana, PNG Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 1/11/2012       
Updated: 15/07/2013                                    
Updated: 18/06/2015 
Banana ripe, fried Banana, cooking, ripe, fried New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2030 
Banana ripe, raw Jollies, banana Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2017  
Updated: 24/04/2015 
Banana,  coastal PNG Banana, PNG Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 28/09/2015 
Bandicoot, boil in water Bandicoot, flesh, cooked New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Bandicoot, cooked in earth oven 
(mumu) 
Bandicoot, flesh, cooked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Bandicoot, roasted Bandicoot, flesh, cooked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Bean root, steamed 
winged bean, root, baked, earth-
oven 
New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 19/06/2015 
Bean, leaves Winged bean leaves, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Beef, fried Beef blade steak, lean & fat, grilled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2017 
Beef, grilled Beef blade steak, lean &f at, grilled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2017 
Beef, stew Beef stew, with potatoes & gravy Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2021 
  
 
liv 
Bird meat, boil in water Pigeon, cooked, general Substitute FW, New Label 
Not available in food works. Substitute FW. Pacific 
Islands food  composition database 
  
Biscuit, plain cracker Biscuit cabin hard, pacific island New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 24/02/2015                    
Updated: 18/06/2015 
Bread, brown Bread, brown New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Bread, brown, toasted Bread, brown toasted New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Bread, white Bread, white, regular New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Bread, white, toasted Bread, white, regular, toasted New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Breadfruit cooked in earth oven Breadfruit, baked New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Breadfruit PNG Breadfruit, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 28/09/2016 
Breadfruit PNG boil in water Breadfruit boil  New Label 
Pacific Islands Food Composition Database and label 
changed. 
Initial record: 03/03/2016 
Breadfruit PNG roasted over 
fire  
Breadfruit baked  Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 03/03/2016 
Breadfruit seeds PNG boil Breadfruit seeds boiled New Label 
Pacific Islands Food Composition Database and label 
changed. 
Initial record: 03/03/2016 
Breadfruit seeds PNG roasted 
over fire 
Breadfruit seeds baked  New Label 
Pacific Islands Food Composition Database and label 
changed. 
Initial record: 03/03/2016 
Broccoli Broccoli, boil New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                        
Updated: 19/062015 
Broccoli, leaves Kale, seedling, leaves, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Bun, plain  Bread, coastal, local produce New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 24/02/2015                    
Updated: 18/06/2015 
  
 
lv 
Burger, beef Beef burger, patty frozen, fried Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                            
Updated: 18/06/2023 
Burger, egg Hamburger ,egg New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Butter Butter regular Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/06/2015 
Cabbage Chinese (ponchos)   New Label New label for existing food in FW Initial record: 13/03/2016 
Cabbage round Cabbage, European white, raw New Label New label for existing food in FW Initial record: 13/03/2016 
Cake, chocolate, homemade Cake, chocolate, home prepared Substitute FW, New Label 
Based on Food Works Pacific Islands Food 
Composition Database 
Initial record - 1/11/2012 
Cake, plain Cake, plain, commercial New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                    
Updated: 18/06/2015 
Cake, with cream Cake, cream cake, sponge Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/06/2015 
Candy,  sweets Candy hard not chocolate coated Substitute FW, New Label AusFoods2012 Initial record - 1/11/2012 
Capsicum Capsicum, boiled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                        
Updated: 19/062015 
Carrot Carrot, peeled, boiled, mature New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                        
Updated: 19/062015 
Cassava PNG Cassava, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 28/09/2016 
Cassava, boiled in water Cassava boiled Original FW code 
Original food code with Food Works Pacific Islands 
Food Composition Database 
Initial record - 1/11/2012 
Cassava, cooked in earth oven 
(mumu) or roasted 
Cassava tuber, baked, earth oven New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Chewing gum Chewing gum regular Substitute FW, New Label AusFoods2012 Initial record - 1/11/2012 
Chicken curry, tinned Curry, chicken, madras packaged Substitute FW, New Label AusFoods2012   
Chicken, cocktail, boil in water   
Not available in existing 
food databases 
    
  
 
lvi 
Chicken, feet, boiled in water 
Chicken, feet, boiled USAD 
database 
Substitute FW, New Label USDA  Database 26/06/2015 
Chicken, neck, boiled in water 
Chicken, broilers or fryers, neck, 
meat and skin, raw 
Substitute FW, New Label USDA Database Initial record - 30/06/2015 
Chicken, roasted Chicken, whole, baked , earth oven New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 24/02/2015                           
Updated 18/06/2015 
Chili fresh Chili, dried Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/06/2015 
Chilli Chilli, fresh Original FW code Original FW code within AusBrand  Data Base   
Chilli powder Chilli powder Original FW code 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Updated: 01/07/2015 
Chilli sauce Chilli sauce bottled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Chips in packet Potato crisps, plain, salted Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                            
Updated: 18/06/2023 
Chocolate bar Chocolate bar, 'mars bar' New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                    
Updated: 18/06/2015 
Chocolate milk & nuts Chocolate milk & nuts Original FW code 
Original food code with Food Works Pacific Islands 
Food Composition Database 
Initial record - 1/11/2012 
Choko, leaves Choko, leaves, raw New Label New label for existing food in FW Initial record: 13/03/2016 
Coconut cream (can) Coconut cream (Can) /UHT Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/06/2015 
Coconut milk (powdered 
packet) 
Coconut milk, powder Substitute FW, New Label AusFoods2012 
Initial record - 1/11/2012                        
Updated: 18/06/2015 
Coconut milk fresh 
Coconut milk raw (Liquid 
expressed from grated meat and 
water) 
Substitute FW, New Label 
 US Department of Agriculture (USDA) National 
Nutrient Database for standard Reference  
Initial record: 18/06/2015 
Coconut young (kulau) flesh coconut, flesh, immature New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                    
Updated: 18/06/2015 
  
 
lvii 
Coconut young water (kulau 
water) 
Coconut water only, immature New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                    
Updated: 18/06/2015 
Coffee instant coffee powder instant New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Coleslaw Coleslaw, home - prepared Substitute FW, New Label USDA Initial record - 30/06/2015 
Cordial/concentrated mix cordial, citrus, 25% prepared Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 24/02/2015                        
Updated: 18/06/2015 
Cordial/concentrated mix cordial, citrus, 25% prepared Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 24/02/2015                        
Updated: 18/06/2016 
Corn baked Corn, cob, baked, earth-oven Substitute FW, New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 19/06/2015 
Corn flakes Corn flakes Original FW code Original FW code within AusBrand  Data Base 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Updated: 01/07/2015 
Corn, boiled Corn, cob, sweet, boiled, drained Substitute FW, New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 19/06/2015 
Crackers, salty 
Crackers standard snack regular 
low salt 
Substitute FW, New Label USDA Update: 05/02/16 
Cream bun Bun cream icing homemade Substitute FW, New Label AusFoods2012 Initial record - 1/11/2012 
Crocodile meat, boil in water Crocodile, cooked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Crocodile meat, cooked in earth 
oven (mumu) 
Crocodile, cooked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Cucumber (raw peeled) Cucumber, common, raw, peeled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2017 
Cucumber (raw with skin) 
Cucumber, common, flesh & skin 
raw 
New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2018 
  
 
lviii 
Cuscus meat, boiled in water Possum, boiled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Cuscus meat, roasted Possum, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Deer meat,  cooked in earth 
oven (mumu) 
Deer, fresh, cooked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Deer meat, boiled in water Deer, flesh, cooked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2021 
Deer meat, roasted Deer, fresh, cooked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2022 
Dog meat, boil in water   
Not available in the existing 
food databases 
    
Doughnut  Doughnut, home made Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 03/03/2016                        
Dripping Beef dripping Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/06/2015 
Duck, tinned  
Stew duck with soy sauce, 
packaged 
Substitute FW, New Label AusFoods2012   
Eel, fresh, fresh water, boiled in 
water 
Eel fish Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Updated: 29/06/2015 
Eel, fresh, fresh water, roasted Eel fish, Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Updated: 29/06/2015 
Egg plant Eggplant, boiled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                        
Updated: 19/062015 
Egg, boiled Egg, chicken, whole hard boiled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2033 
Egg, fried Egg, chicken, fried New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2033 
Egg, scrambled Egg, chicken, scrambled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2033 
  
 
lix 
Fern leaves Fern leaves, raw New Label New label for existing food in FW Initial record: 13/03/2016 
Fish, fresh salt water fish, 
cooked in earth oven (mumu) 
Reef fish, composite, 
steamed/poached 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Fish, fresh, fresh water fish, 
boiled 
Reef fish, composite, 
steamed/poached 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Fish, fresh, fresh water fish, 
cooked in earth oven (mumu) 
Reef fish, composite, 
steamed/poached 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Fish, fresh, fresh water, roasted 
Reef fish, composite, 
steamed/poached 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Fish, fresh, salt water fish, 
boiled in water 
Reef fish, composite, 
steamed/poached 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Fish, fresh, salt water, roasted 
Reef fish, composite, 
steamed/poached 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Fish, tinned, Besta, in oil Mackerel, canned in natural oil  Substitute FW, New Label Pacific Islands 2004 Initial record - 03/03/2016                      
Fish, tinned, Diana tuna, in 
tomato sauce 
Coles tuna tomato and basil Substitute FW, New Label AusBrands2012   
Fish, tinned, Diana tuna,  in 
brine 
Tuna canned, in brine Substitute FW, New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 24/02/2015                        
Updated: 18/06/2015 
 Fish, tinned Diana tuna in oil Tuna canned, in oil Substitute FW, New Label 
 Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 24/02/2015                        
Updated: 18/06/2015 
 Fish, tinned dolly tuna in oil  Tuna canned, in oil Substitute FW, New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
  
Five Conner Starfruit New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2030 
Flying fox, boiled in water Flying, fox, boiled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Flying fox, cooked in earth oven 
(mumu) 
Flying, fox, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Updated: 30/06/2015 
Flying fox, roasted Flying, fox, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Fries, potato Potato, fries, commercial, deep Substitute FW, New Label Substitute to similar food within Food Works Pacific Initial record - 1/11/2012                            
  
 
lx 
fried Islands Food Composition Database and label changed. Updated: 18/06/2023 
Fruit bun Bun fruit glazed New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 24/02/2015                    
Updated: 18/06/2015 
Galip nut fresh Pili nuts, PNG, kernels, raw ripe Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2015 
Galip nut smoked/dried Pili nuts, PNG, kernels, dried Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2015 
Garlic fresh Garlic, fresh, raw (AusFoods 2012) New Label Pacific Islands 2004 Initial record - 1/07/2015 
Garlic paste Coles market as garlic paste Substitute FW, New Label Australia Brand 2012   
Garlic powder   Substitute FW, New Label Australia Brand 2012   
Ginger fresh Ginger, root, fresh New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Ginger paste Coles market place as ginger paste Substitute FW, New Label Australia Brand 2012 Update: 5/02/16 
Ginger powder   Substitute FW, New Label Australia foods 2012 Update: 5/2/16 
Grapes Grape, black Original FW code Original FW code within AusBrand  Data Base 
Initial record - 1/11/2012                               
Updated: 18/06/2019 
Grapes Grape, green Original FW code 
Original food code within Food Works Pacific Islands 
Food Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2020 
Gravy Gravy powder prepared New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Guava PNG Guava - Hawaii Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2016 
Updated: 24/06/2015 
Herbal tea Tea Indian infused Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 24/02/2015                        
Updated: 18/06/2015 
Honey Honey Original FW code 
Original food code with Works Pacific Islands Food 
Composition Database 
Initial record - 1/11/2012 
Hot dog 
Beef sausage grilled, and bread roll 
white 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                            
Updated: 18/06/2023 
Ice cream, in a container ice-cream vanilla New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Ice cream, in cone ice-cream cone New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
  
 
lxi 
Jam Jam unspecified New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                    
Updated: 18/06/2015 
Juice, carton drink Juice orange commercial Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                            
Updated: 18/06/2023 
Kankung stem and leaves Water Spinach, raw New Label New label for existing food in FW Initial record: 13/03/2016 
Kapiak, leaves Fig, poke, leaves, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Karacap leaves Nightshade, leaves, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Kaukau PNG, white boil  Sweet potato, white peeled, boil Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 28/09/2016 
Kaukau PNG, white, baked Sweet potato, white peeled, boil Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 28/09/2016 
Kaukau PNG, yellow, boiled in 
water 
Sweet potato, orange peeled, boil Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 28/09/2016 
Kaukau PNG, yellow, cooked in 
earth oven or baked 
Sweet potato, orange peeled, boil Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 28/09/2016 
Kaukau, boiled in water Sweet potato, white, peeled, boil New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                        
Updated: 18/062015 
 Kumu mosong  leaves Fig, poke, leaves, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Lamb, chops, cooked in earth 
oven (mumu) 
Lamb, chump chop, Lean &fat, 
grilled 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2021 
Lamb, flaps, fried 
Mutton flabs lean/fat, fried                          
Serves: 1=50g 
New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                          
Updated: 18/06/2015 
Lamb, heart, grilled  Lamb heart, grilled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                          
Updated: 18/06/2015 
Lamb, neck chops, cooked in 
earth oven (mumu) 
Lamb neck chop, lean/fat, simmer New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 24/02/2015                        
Updated: 18/06/2015 
Lamb, neck chops, boiled in 
water 
Lamb neck chop, lean/fat, simmer New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                          
Updated: 18/06/2015 
  
 
lxii 
Lamington  Lamingtons, plain, homemade Substitute FW, New Label AusFoods2012 Date: 21/03/2016 
Laulau Malay apple New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2030 
Lemon grass tea 
Tea lemon grass, brewed c. 
Coloratus 
Substitute FW, New Label Pacific Island 2004 
Initial record - 24/02/2015                        
Updated: 18/06/2015 
Lemon Tea Tea, lemon leaf, brewed, Citrus, sp. Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 24/02/2015                        
Updated: 18/06/2015 
Lettuce Lettuce common raw New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                        
Updated: 19/062015 
Macaroni Pasta white boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/06/2015 
Mandarin PNG Mandarin New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2030 
Updated: 24/06/2015 
Margarine Margarine polyunsaturated, regular Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                            
Updated: 18/06/2023 
Maggie cube Maggi stock cubes chicken Substitute FW, New Label AusBrand2012 Update:5/02/16 
Maggie noodles, boil in water noodles, Maggie type, boiled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Mango Mango PNG New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2021 
Mayonnaise Mayonnaise commercial Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                            
Updated: 18/06/2023 
Meat, tinned, ox & palm Beef, corned, canned Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2021 
Milk bun 
Scones, white, plain, homemade, 
traditional 
Substitute FW, New Label AusFoods2012 Update: 05/02/16 
Milk, carton drink (240ml)   New Label     
Milk, chocolate drink  Chocolate milk Original FW code 
Original food code with Food Works Pacific Islands 
Food Composition Database 
Initial record - 1/11/2012 
Milk, drink from powered milk Milk powder whole Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/06/2015 
  
 
lxiii 
Milo, can drink Milo powder New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Mon 
Tarawau, Fiji, raw, Dracontomelon 
vitiense 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2015 
Moon cake 
Cake, sponge, commercially 
prepared 
Substitute FW, New Label USDA Date: 21/03/2016 
Mud crab, boil in water Crab, mud, fresh, boiled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Muffin, plain Cake, plain, commercial New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                    
Updated: 18/06/2015 
Mushroom canned Mushroom, can-brine, heat, drain Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/06/2015 
Mushroom dried 
Mushroom, uncooked, dried 
(AusFoods 2012) 
New Label AusFoods2012 Update: 5/02/16 
Mushroom fresh Mushrooms, common, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/06/2015 
Mushroom sauce Sauce , mushroom homemade Substitute FW, New Label AusFoods2012 Update: 5/02/16 
 Nase greens  
water cress, garden, 
leaves/stem/raw 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Octopus, boiled in water Octopus, cooked New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Octopus, roasted Octopus, cooked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 24/02/2015                              
Updated: 18/06/2023 
Oil Vegetable oil polyunsaturated New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Okari nut Almond, with skin Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2015 
Onion, bulb Onion, brown, boiled Original FW code Original FW code within AusBrand  Data Base   
Onion, spring Shallot, peeled, boiled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                        
Updated: 19/062015 
  
 
lxiv 
Orange Orange local New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2022 
Oyster sauce Oyster sauce Original FW code 
Original food coded within Food Works Pacific Islands 
Food Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Updated: 01/07/2015 
Pack mixed vegetables, boiled 
in water 
mixed vegetables, frozen, boiled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2015 
Pandanus fruit PNG (Marita) Pandanus nut, sauce Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/06/2015 
Pandanus nut cooked in earth 
oven 
Pandanus nuts, kernel: roasted, Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2015 
Pandanus nut dried Pandanus nuts, kernel: dried New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 19/06/2015 
Pandanus nut raw Pandanus nuts, kernel: raw, New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 19/06/2015 
Pandanus nut roasted Pandanus nuts, kernel: roasted New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 19/06/2015 
Parsley Parsley leaves, raw New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Passion Fruit Passion fruit purple/yellow New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2030 
Paunut boiled 
Cut nut, Fiji, raw, barringtonia 
edulis 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2015 
Paunut dried 
Cut nut, Fiji, raw, barringtonia 
edulis 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2015 
Paunut raw 
Cut nut, Fiji, raw, barringtonia 
edulis 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2015 
Pawpaw Pawpaw PNG New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Peanut boiled Peanut kernel & skin raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 19/06/2015 
  
 
lxv 
Peanut butter Peanut butter smooth with salt Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                            
Updated: 18/06/2023 
Peanut raw Peanut kernel &skin raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 19/06/2015 
Peanut roasted Peanut kernel &skin roasted Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 19/06/2015 
Pear Pear Peckham’s Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2015 
Pie, beef  Pie meat, individual size New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Pie, chicken 
Pie, savoury, chicken, top and 
bottom pastry crust homemade 
Substitute FW, New Label AusFoods2012 Initial record: 18/02/2016 
Pineapple (Coastal) Pineapple PNG New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2024 
Pineapple (Highlands) Pineapple PNG New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2025 
Pitpit coastal baked Pitpit/duruka, coastal, raw Substitute FW, New Label Pacific Island 2004 Initial record - 1/11/2012                     
Pitpit coastal roasted Pitpit/duruka, coastal, raw Substitute FW, New Label Pacific Island 2004 Initial record - 1/11/2012                     
Pitpit PNG Highlands baked 
Pitpit, highlands, baked, earth-
oven, 
New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                    
Updated: 18/06/2015 
Pitpit PNG Highlands boiled 
Pitpit, highlands, baked, earth-
oven, 
New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                    
Updated: 18/06/2015 
Pizza Pizza, with meat and thick crust Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                            
Updated: 18/06/2023 
Pop corn Popcorn regular commercial Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                            
Updated: 18/06/2023 
Pork, cooked in earth oven 
(mumu) 
Pork, leg, lean & fat, roasted Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2019 
Pork, fried Pork, leg, lean & fat, roasted Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2020 
Pork, grilled 
Pork, mid loin, chop, lean &fat, 
grilled 
Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2017 
  
 
lxvi 
Pork, roasted Pork, leg, lean &fat, roasted Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2018 
Pork, tinned, tulip Pork, ham, canned, lean & fat Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2021 
Potato chips Snacks, potato chips, plain, salted Substitute FW, New Label USDA Initial record - 30/06/2015 
Potato English boiled Potato, pale skin, peeled, boiled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Potato English, baked Potato, pale skin, peeled, baked New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Potato English, cooked in earth 
oven (mumu) 
Potato, pale skin, peeled, baked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Potato salad Potato salad homemade Substitute FW, New Label AusFoods2012 Initial record: 18/02/2016 
Powdered mix drink   New Label AusFoods2012 Initial record - 07/03/2016 
Prawn, boiled in water Prawn, greater tiger, boiled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Pumpkin baked in oven Pumpkin boiled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 19/06/2015 
Updated: 30/06/2015 
Pumpkin boiled Pumpkin boiled Original FW code 
Original food code within Food Works Pacific Islands 
Food Composition Database. 
Initial record - 1/11/2012                               
Updated: 19/06/2015 
Updated: 30/06/2015 
Pumpkin tops Pumpkin leaves, raw New Label New label for existing food in FW Initial record: 13/03/2016 
Rambutan PNG Rambutan New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2026 
Updated: 24/06/2015 
Rice, brown, boiled in water Rice, brown, boiled, salt New label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 24/02/2015 
Rice, white, boiled in coconut 
milk and water 
Rice with coconut cream, cooked New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 24/02/2015                    
Updated: 18/06/2015 
Rice, white, boiled in water Rice white boiled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
  
 
lxvii 
Sago boiled Sago, flour, meal Substitute FW, New Label 
Based on Food Works Pacific Islands Food 
Composition Database 
Initial record - 18/06/2015 
Sago flour Sago flour Original FW code 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                    
Updated: 18/06/2015 
Updated: 01/07/2015 
Salt Salt, table Substitute FW, New Label USDA National Nutrient Database Update: 5/02/16 
Sausage roll Sausage roll Original FW code Original FW code within AusBrand  Data Base 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Updated: 01/07/2015 
Sausage, beef, fried Beef sausage, grilled New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2033 
Sausage, beef, grilled Beef sausage, grilled Original FW code 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2032 
Sausage, chicken curry, boiled 
in water 
  Substitute FW, New Label AusFoods2012 Initial record - 21/03/2016                                
Sausage, chicken curry, fried   Substitute FW, New Label AusFoods2012 Initial record - 21/03/2016                         
Sausage, chicken, fried 
Sausage, chicken, fried (AusFoods 
2012) 
Substitute FW, New Label Substitute to similar food within AusFoods 2012 Initial record - 1/07/2015 
Sausage, chicken, grilled 
Sausage, chicken, grilled 
(AusFoods 2012) 
Substitute FW, New Label Substitute to similar food within AusFoods 2012 Initial record - 1/07/2015 
Sausage, pork Pork sausages home prepared, fried Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2021 
Sausage, saveloy, boiled in 
water 
saveloy beef sausages New label AusFoods2012 Initial record - 21/03/2016                                
Sausage, saveloy, fried Saveloy, fried not coated New Label AusFoods2012 Initial record - 21/03/2016                         
Scones scone, plain, home prepared New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                    
Updated: 18/06/2015 
Sea cucumber, boiled in water Sea cucumber, edible muscle New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Sea cucumber, roasted Sea cucumber, edible muscle New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Sea worm    Not available in the existing food databases   
  
 
lxviii 
Shark meat, boiled in water Shark blue, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Shark meat, roasted Shark blue, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Sheep tongue, boiled in water 
Lamb, variety meats and by - 
products,  tongue, cooked, braised 
Substitute FW, New Label Substitute to similar food within AusFoods 2012 Initial record - 30/06/2015 
Sheep tongue, fried 
Lamb, variety meats and by - 
products,  tongue, cooked, braised 
Substitute FW, New Label Substitute to similar food within AusFoods 2012 Initial record - 30/06/2015 
Shells, fresh, fresh water/salt 
water, boiled in water 
Ark shell boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                            
Updated: 18/06/2023 
Singapore/Chinese taro red Taro, Chinese, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 28/09/2012 
Singapore/Chinese taro red 
boiled in water 
Taro, Chinese, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Singapore/Chinese taro red, 
cooked in earth oven or baked 
Taro, Chinese, baked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Singapore/Chinese taro white, 
cooked in earth oven (mumu) or 
baked 
Taro, Chinese, baked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Singapore/Chinese taro, white Taro, Chinese, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 28/09/2012 
Singapore/Chinese taro, white, 
boiled in water 
Taro, Chinese ,boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Snax biscuit PNG brand Biscuit cabin hard, pacific island Substitute FW, New Label 
Substitute to similar food within USDA food 
composition 
Initial record - 03/03/2016   
Soft drinks, soda Soft drink, cola Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 24/02/2015                        
Updated: 18/06/2015 
Soy sauce Soy Sauce, commercial New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Spaghetti spaghetti in tomato sauce, canned Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                            
Updated: 18/06/2023 
Squid, fried Squid, fried New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
  
 
lxix 
Steak & onion, tinned Vegetables & steak, canned, heated Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2021 
Strawberry PNG Strawberry New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2027 
Updated: 24/06/2015 
Sugar Cane Sugar cane juice New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                    
Updated: 18/06/2015 
Sugar Fruit, orange Passion fruit yellow Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2017 
Sweet biscuits Biscuit, plain sweet New Label 
Based on Food Works Pacific Islands Food 
Composition Database 
Initial record - 1/11/2012 
Sweet chilli sauce Sauce, sweet chilli Substitute FW, New Label Substitute to similar food within AusBrand Update:5/02/16 
Taro PNG, black, boiled in 
water 
Taro, common, black, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Taro PNG, black, cooked in 
earth oven (mumu) or baked 
Taro, common, black, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Taro PNG, white, boiled in 
water 
Taro, common, white, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Taro PNG, white, cooked in 
earth oven (mumu) or baked 
Taro, common, white, baked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Taro PNG, yellow,  boiled in 
water 
Taro, common, yellow, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Taro PNG, yellow, cooked in 
earth oven (mumu) or baked 
Taro, common, yellow, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Tea Tea Indian infused Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 24/02/2015                        
Updated: 18/06/2015 
Tomato Tomato, common, raw New Label Substitute to similar food within 
Initial record - 1/11/2012                        
Updated: 19/062015 
Tomato sauce Tomato sauce, commercial New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Tomato, leaves Pumpkin leaves, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Tree tomato PNG Tree Tomato New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2028 
Updated: 24/06/2015 
T-Shake 
Ice blocks, milk base, no coating 
homemade 
Substitute FW, New Label AusFoods2012 Initial record - 07/03/2016 
  
 
lxx 
Tulip leaves Jointfir, leaves, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Tulip leaves, boil in water Jointfir, leaves, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Turkey,  roasted Turkey whole roasted, roasted Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2021 
Turkey, tail, boiled in water Turkey tail, cooked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2021 
Turtle meat, boiled in water Turtle cooked New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Twisties, cheese flavour  Cheese flavour snacks, twisties Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                            
Updated: 18/06/2023 
 Twisties chicken flavour Twisties chicken Substitute FW, New Label Substitute to similar food within AusBrand  Data Base Initial record - 03/03/2016                        
Vegemite Vegemite Original FW code Original FW code within AusBrand  Data Base 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Updated: 01/07/2015 
Vet-sin     Not available with existing food databases   
Wallaby meat (magani), boiled 
in water 
Possum, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Wallaby meat (magani), cooked 
in earth oven (mumu) 
Possum, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Wallaby meat (magani), roasted Possum, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                               
Updated: 18/06/2023 
Watercress, stem and leaves   Watercress, raw Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 13/03/2016 
Watermelon Water melon PNG red pulp New Label 
Change of name, nutrients composition same to the 
substitute food within Food Works Pacific Islands Food 
Composition Database. 
Initial record - 1/11/2012                               
Updated: 18/06/2029 
Weetbix Weetbix Original FW code Original FW code within AusBrand  Data Base 
Initial record - 1/11/2012                       
Updated: 18/06/2015 
Updated: 01/07/2015 
Yam Africa Yam, composite, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 28/09/2012 
Yam Africa, boiled in water Yam , composite , boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
  
 
lxxi 
Yam Africa, cooked in earth 
oven (mumu) or baked 
Yam, composite, baked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Yam local PNG Yam, composite, boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record: 28/09/2012 
Yam PNG local, boiled in water Yam , composite , boiled Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
Yam PNG local, cooked in earth 
oven (mumu) or baked 
Yam, composite, baked Substitute FW, New Label 
Substitute to similar food within Food Works Pacific 
Islands Food Composition Database and label changed. 
Initial record - 1/11/2012                        
Updated: 18/062015 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
lxxii 
 
Appendix  10   Food Group Analysis   
Total eating occasions for each food groups reported from a 24-hour recall by a total of 675 participants for the study sites (Asaro=250, 
Karkar=239 and Hiri=186) categorised by food source.                                                                                                                                                                    
Note: Recipes are classified based on the component with the largest proportion that makes up the recipe. Therefore, fats and oils are not reported 
as single foods.  
Australian Dietary Guideline 
(ADG) Food Groups %(n) 
Asaro Karkar Hiri 
Store 
bought 
Locally 
produced/ 
obtained 
Total 
Store 
bought 
Locally 
produced/ 
obtained 
Total 
Store 
bought 
Locally 
produced/ 
obtained 
Total 
Grains (cereal) foods F, *          
 Refined (Ref) or low fibre  
99.4 
(310) 0.0 (0) 
99.4 
(310) 
100 
(125) 0.0 (0) 
100 
(125) 
98.9 
(514) 0.0 (0) 
98.9 
(514) 
 Wholegrain (WG) higher fibre  0.6 (2) 0.0 (0) 0.6 (2) 0.0 (0) 0.0 (0) 0.0 (0) 1.1 (6) 0.0 (0) 1.1 (6) 
Total  
100 
(312) 0.0 (0) 
100 
(312) 
100 
(125) 0.0 (0) 
100 
(125) 
100 
(524) 0.0 (0) 
100 
(524) 
Vegetable and legumes/beans *          
 Green and leafy vegetables 16.7 (1) 35.9 (317) 
35.7 
(318) 0.0 (0) 38.5 (360) 
38.5 
(360) 12.5 (2) 17.1 (31) 16.7 (33) 
 Orange vegetables 0.0 (0) 4.0 (36) 4.0 (36) 0.0 (0) 1.2 (11) 1.2 (11) 0.0 (0) 2.2 (4) 2.0 (4) 
 Starchy vegetables 83.3 (5) 55.9 (494) 
56.1 
(499) 0.0 (0) 60.2 (562) 
60.2 
(562) 87.5 (14) 77.4 (140) 
78.2 
(154) 
 Other vegetables  0.0 (0) 4.2 (37) 4.2 (37) 0.0 (0) 0.1 (0.1) 0.1 (0.1) 0.0 (0) 3.3 (6) 3.1 (6) 
Total 100 (6) 100 (884) 
100 
(890) 0.0 (0) 100 (934) 
100 
(934) 100 (16) 100 (181) 
100 
(197) 
           
Fruits Fresh/Canned *, **                                     100 (4) 100 (55) 100 (59) 0.0 (0) 100 (28) 100 (28) 100 (2) 100 (8) 100 (10) 
           
Milk, yoghurt, cheese, and/or other 
alternative *                                            
 Higher fat (HF) dairy foods 75 (3) 0.0 (0) 75 (3) 100 (1) 0.0 (0) 100 (1) 89.5 (34) 0.0 (0) 89.5 (34) 
 Medium fat (MF) 25 (1) 0.0 (0) 25 (1) 0.0 (0) 0.0 (0) 0.0 (0) 10.5 (4) 0.0 (0) 10.5 (4) 
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Total 100 (4) 0.0 (0) 100 (4) 100 (1) 0.0 (0) 100 (1) 100 (34) 0.0 (0) 100 (34) 
Meats and poultry, fish, eggs, tofu, 
nut, and seeds           
 Red meat, lean (<10% fat)
 * 0.0 (0) 1.6 (1) 0.6 (1) 0.0 (0) 3.2 (4) 2.1 (4) 1.9 (4) 4.1 (6) 2.8 (10) 
 Red meat non lean (≥10% fat)
 * 28.9 (30) 23.8 (15) 26.9 (45) 7.7 (5) 1.6 (2) 3.7 (7) 33.6 (71) 0.7 (1) 20.2 (72) 
 Poultry, lean (<10% fat)
 * 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 
 Poultry, non-lean (≥10% fat)
 * 9.6 (10) 0.0 (0) 6.0 (10) 6.2 (4) 0.0 (0) 2.1 (4) 27.5 (58) 0.0 (0) 16.2 (58) 
 Fresh fish &other seafood* 0.0 (0) 15.9 (10) 6.0 (10) 0.0 (0) 93.6 (117) 61.6 (117) 0.0 (0) 95.2 (139) 38.9 (139) 
 Processed fish &other seafood** 60.5 (63) 0.0 (0) 37.7 (63) 86.1 (56) 0.0 (0) 29.5 (56) 33.6 (71) 0.0 (0) 19.8 (71) 
 Eggs* 1 (1) 0.0 (0) 0.6 (1) 0.0 (0) 0.0 (0) 0.0 (0) 3.4 (7) 0.0 (0) 2.1 (7) 
 Nuts and seeds* 0.0 (0) 58.7 (37) 22.2 (37) 0.0 (0) 1.6 (2) 1.0 (2) 0.0 (0) 0.0 (0) 0.0 (0) 
Total 100 (104) 100 (63) 100 (167) 100 (65) 100 (125) 100 (190) 100 (211) 100 (146) 100 (357) 
Beverages**                                          
 
Teas, coffees, dry beverage 
flavourings 66.7 (76) 0.0 (0) 66.7 (76) 96.2 (51) 0.0 (0) 96.2 (51) 
82.0 
(237) 0.0 (0) 
82.0 
(237) 
 
Soft drinks and others 
sweetened drinks 31.6 (36) 0.0 (0) 31.6 (36) 3.8 (2) 0.0 (0) 3.8 (2) 18.0 (52) 0.0 (0) 18.0 (52) 
 Beers 1.7 (2) 0.0 (0) 1.7 (2) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 90) 0.0 (0) 0.0 90) 
Total 
100 
(114) 0.0 (0) 
100 
(114) 100 (53) 0.0 (0) 100 (53) 
100 
(289) 0.0 (0) 
100 
(289) 
Fat and oils**          
 Unsaturated oils and spreads          
 Saturated oils and spreads          
Total          
Sauces, pickles, soups, snack foods 
& miscellaneous           
 Savoury sauces** 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 6.5 (3) 0.0 (0) 6.4 (3) 
 Sweet sauces** 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 4.4 (2) 0.0 (0) 4.3 (2) 
 Snack food*
, ** 9.5 (2) 100 (23) 56.8 (25) 0.0 (0) 100 (6) 100 (6) 0.0 (0) 100 (1) 2.1 (1) 
 Herbs and spices* 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 15.2 (7) 0.0 (0) 14.9 (7) 
 Salts 90.5 (19) 0.0 (0) 43.2 (19) 0.0 (0) 0.0 (0) 0.0 (0) 73.9 (34) 0.0 (0) 72.3 (34) 
Total 100 (21) 100 (23) 100 (44) 0.0 (0) 100 (6) 100 (6) 100 (46) 100 (1) 100 (47) 
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Sugar preserves & confectionery **          
 Preserves 66.7 (2) 0.0 (0) 66.7 (2) 0.0 (0) 0.0 (0) 0.0 (0) 22.2 (2) 0.0 (0) 22.2 (2) 
 Confectionery  33.3 (1) 0.0 (0) 33.3 (1) 0.0 (0) 0.0 (0) 0.0 (0) 77.8 (7) 0.0 (0) 77.8 (7) 
 Other products 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 0.0 (0) 
Total 100 (3) 0.0 (0) 100 (3) 0.0 (0) 0.0 (0) 0.0 (0) 100 (9) 0.0 (0) 100 (9) 
1. Level of processing (LP) indication: Unprocessed/minimally processed (*), processed/ultra-processed (**). For the sub food group fish, locally 
produce/obtained fish are fresh fish and store bought are processed/ultra-processed tinned fish.                                                                                                   
2. Food fortification status of the food groups: Fortified (F). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
